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I. INTRODUCTORY. 

In certain early stages of reptilian embryos, such as that given 
in Fig. 1., PI. I., there is seen in the posterior part of the embryonic 
shield a mass enclosed within the limbs of the horse-shoe shaped 
blastopore. This mass exists in previous stages, but becomes 
conspicuous at this period, through being distinctly circum- 
scribed in front and at the sides by the dorsal opening of 
the blastopore. A series of transverse sections through a Chelonia 
embryo of this stage is given in Series I, PL IV., and the section 
/ in that series goes through the level of this mass. The 
epiblast, which con.«ists, in more lateral parts of the section, of 
columnar cells, dips down at the lips of the blastopore into the meso- 
blast with which it fuses. Between the two lips of the blastopore 
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FATE OF BI^ASTOPORE, ETC., IN CHELONIA. 3 

thus bending downwards, a mass of cells without any regular 
arrangement rises upwards until it reaches the level of the general 
surface of the embryonic shield. This is the section of the mass 
above referred to. In the first of the present series of Contribu- 
tions,* IsHiKAWA and I gave a minute description of this mass, 
as it occurs in Tnonyx^ and from its relations to the adjacent parts 
homologised it with the yolk-plug of the amphibian ovum. We made 
this comparison independently of any previous writer and, believed 
ourselves to be the first to point out the existence of a yolk-plug in a 
meroblastic amniote ovum. I have since found that previously to our 
publication Duval (*84) had discovered a similar structure in the 
nightingale and in the fowl (loc. cit. figs. 15 & 32), and had enunciat- 
ed a hypothesis which, although not exactly like ours, is of similar 
tenor. If I understand him aright, he did not directly homologise 
the mass sticking out between the lips of the blastopore (his fig. 15, 
PP) with the yolk-plug of the Amphibia, but called certain cells, 
arisen by secondary segmentation and resting on the mass (his fig. 
10, w & ^), the globules de Eclter as he considered them homologous 
with the bouchm de Eckei' or yolk-plug (p. 68). 

Since our publication, Van Beneden (*88) seems to have ob- 
served a similar structure in Mammalia and regarded it in the same 
light as ourselves. He says : — *' Der Boden des (Chorda-) Kanals, 
ist mehrsichtig und ist nach hinten in Zusammenhang einerseits mit 
dem Hypoblast, underseits mit einer Zellmasse, die vom Bo- 
den der Primitivrinne zwischen den Lippen derselben 
hinaufsteigt. Sie entspricht oifenbar dem Dotter- 
pfropf der Ampliibien und ist ohne Zweifel mit dieser 
Formation homolog." 

* See the list at the end of this article. 
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Haddon in his Embryology (*87) copies Duval's fig. 15 in his 
fig. 37, and calls the mass that sticks out between the blastopore lips 
a yolk-plug. He says : — " A comparison of a transverse section of an 
uncoalesced primitive streak of a nightingale (fig. 37*) with the 
almost completed blastopore of a frog (fig. 62, C & Dt) will farther 
tend to demonstrate the complete homology of the two stages '* 
(;;. 43), He refers to our observatious in Trionyx in connection with 
this i>oint. 

Hektwig is evidently of the same opinion. He says in his 
Lehrbucli (*93, 4te Aufl.^ p. Ill) : — " Lehrreiche Querschnitte durch 
die Primitivrinne** in den ersten Stadien ihrer Entwicklung sind in 
den Figuren 93t und 94+ dargestelit. Die erste zeigt uns die beiden 
Urmundlipj)en (fig. 93 id) durch einen kleinen Zwischenraum ge- 
trennt, in Tvelchem sich von unten her ein kleiner lliigel (dp) von 
Dottermasse, die eine Anzahl Kerne (Merecyten) enthalt, hinein- 
schiebt, dem KuscoNischen Dotterpfropf einer Amphibienlarve (fig. 
88 dp) vergleichbar.*' 

Of recent writers on reptilian development Mehnert calls 
the cell-mass in question " Caudalknoten *' ('91, p. 422). He says 
(p. 423) : — " Die Zelleu des Caudalknotens quellen anfanglich aus 
dem offenen Prostoma heraus und zeigen auf Querschnitten eine 
vollige Uebereinstimmuug mit denjenigen Bildern, welche von dem 
Dotterpfropfe der Amphibien schon seit langer Zeit bekannt sind. 
MiTSUKUiu und Ishikawa haben bei Trionyx japonicus eine mit dem 
Caudalknoten der Emys iibereinstimmende Bildung ermittelt. lieide 



* I.e.y Duval's fig. 15, above referred to. 

t C is a horizontal section through the blastopore showing the yolk-plug, etc. 
*• /.e., of a chick-embryo. 

X Both the figures are copied from Duval (*84). Fig. 93 is Duval's fig. 32 (very similar 
to fig. 15 which Haddon borrowed) showing the yolk-plug. Fig. 94 is Duval's fig. 31, showing 
the section of the primitive streak. 
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Autoren beschreiben dieselbe als ein Derivat des hinter dem Blasto- 
porus gelegenen Primitivstreifenblastemes und homologisiren sie mit 
dem Dotterpfropfe der Amphibien und sagen ausdriicklich : ' This 
area we consider to be the remnant of the yolk-plug of Rusconi found 
in the Amphibian embryo/ " While Mehnert thus recognises a 
complete agreement in the relations of these parts in Am- 
phibia and Reptiles, he himself does not express a decided opinion on 
it. A page further on he says : — " Schon Kupffer deutete den 
Randhiigel''^ als ein Rudiment. Diese Anschauung is anch fiir Einys 
berechtigt, denn bei derselben ist der Caudalknoten zuerst relativ 
gross, um sich sodann spater betrachtlich zu verkleinern. Seine 
Lasrebeziehuno^ zum Prostoma weo^en kann man den Caudalknoten 
gewissermassen als ein peristomales Rudiment bezeichnen. In dem 
Caudalknoten scheint jedoch noch mehr zu stecken. Seine Verwach- 
sung mit den hinteren Enden der Medullarwiilste, seine Beziehungen 
zur Bildung der Schwanzspitze, das spatere Auftreten eines sich riick- 
bildenden Schwa nzknopfchens resp. Schwanzfadens spricht fiir eine 
tiefere morphologische Bedeutung. Das zeitliche Vorhandensein von 
so zahlreichen Nervenfasern wie in Sinnesorganen (Max Braun) lasst 
an andere Beziehungen, etwa an ein rudimentares Sinnesorgan denken, 
welches bei den jetzigen Vertebraten nur noch wahrend des Embryo- 
nallebens zur Existenz gelangt/' Mehnert promises to describe 
further stages in the development of the '* Caudalknoten *' in a 
future paper — a promise which, so far as I know, he l\as not 
yet redeemed. 

Will (*92, *93, & *95a) calls the cell-mass in question the 
'' Entodermpfropf " and considers it to be the homologue of the yolk- 
plug of the amphibian gastrula, as the following quotation will show" 

* KuPFPER homologises the " Caudalknoten " of Coluber with the " Randhiigel " of the 
trout — which view is accepted by Mehnert. 
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( 92, p. 54) : — " Wir sehen dass nur der vordere Abschnitt* sich an 
der Bildung der Einstiilpung betheiligt, wahrend der hintere* sich 
lediglich auf die Zellenwucherung beschrankt, im Niveau der 
Keimscheibe liegen bleibt reap, ilber das Niveau der- 
selben vorragt und das Homologon des Dotterpfropfes 
der Amphibiengastrula darstellt, der bei den Amnioten 
passender als Entodermpfropf bezeichnet werden diirfte. 

WhUe all the authors above referred to hold views which are 
more or less like ours, there are others who have flatly opposed our 
interpretation. 

Robinson and Assheton (*91) referring to our views as set 
forth in Contributiofi 7. of the present series says : — * * * and 
in the tortoise, according to Mitsukuri and Ishikawa, the primitive 
streak consists, in the first instance, mainly of a muss of hypoblast or 
yolk, which they compare to the yolk-plug of Amphibians. To this, 
however, it cannot correspond, for we have already shown that the 
yolk-plug of Bana is a portion of the ventral wall of the archenteron, 
whilst the primitive streak is formed by the fusion of the lateral lips 
of a deficiency in the posterior wall of the same cavity. "f (p. 477). 



* I^., of the primitiye plate. For the definition of this term, see further on. 

t The above quotation shows that Robinson and Assheton have somewhat misunderstood 
our position, for we have never represented the mass in question to be a part of the primitive streak. 
That name we assigned, in our Contrib. I., to a short axial strip, situated directly behind the yolk- 
plug where the epiblast is proliferating cells to the mesoblast {Fig. 8, Contrib. /.). This we re- 
garded as caused by the coalescence of the posterior part of the blastopore lips, and not marked 
off from the yolk-plug, as it should be, because the posterior boundary of the yolk-plug remains 
rudimentary {See Fig. 6, Contrib. L). lliis misunderstanding does not. however, affect the fact 
that Robinson and Assheton are opposed to our views on the yolk-plug homology. In a 
private letter to me. Dr. Robinson says : " * * * at present I am convinced that the mass of 
cells in the tortoise which you have figured and called the yolk-plug is a part of the primitive 
streak and is therefore not comparable with the yolk-plug of Amphibians * * ." In passing 
I may remark that what we called the primitive streak in our Contrib. /., as explained above is 
the hindermost part of the primitive streak, if it is a part at all. The name, primitive streak 
should be given to an entirely different formation, as the facts brought out in the present 
Contribution will show. 



Digitized by 



Google 



FATE OF BLASTOPORE, ETC., IN CHELONIA. 7 

Keibel (*93) referring to the structure in Mammalia which 
Van Beneden homologiaes with the yolk-plug in Amphibia : — " Der 
Dotterpfropf hat bei den Ainphibien keine morphologische Bedeutung, 
er ist ein Entwicklungs hinderniss, er hat kein Funktion. Warum 
soUte gerade die Bildung ho zah festgehalten werden, wahrend doch 
so vieles Andere dass von ungleich grosser Bedeutung ist, undeutlich 
wird und verschwindet ? ** (p. 105). Further he says : — " Ganz 
rathselhaft erscheinen nur ferner die Beziehungen, die Mehnert 
zwischen seinem Caudalknoten und dem Dotterpfropf und zwischen 
dem Primitivknoten und dem unteren von Dotterzellen gebildeten 
Eipol der Urodeln findet. Auch hier miisste der Dotterpfropf in der 
unteren Keimschicht in Mehnert's Paraderm, gesucht w^erden. 
Ganz unklar ist es auch, wie der Dotterpfropf mit dem hinteren Theil 
des Primitivstreifens der Sanger und deren Schwanzknopf resp. 
Schwanzfaden Beziehungen haben soli. Ein Verstandniss fiir die 
vergJeichend anatomischen Gesichtspunkte, welche Mehnert hier 
geleitet haben, geht mir vollkommen ab." (p. 105). 

In regard to the fate of the cell-mass in question, I wish to refer 
to two recent writers on the reptilian development viz : — Mehnert, 
and Will. 

Mehnert ('91) says : — " Bei noch alteren Embryonen (Fig. 17a, 
Fig. 18a*) hat sich das Caudalknotchen in eine caudalwarts gerichtete 
Spitze ausgezogen und kommt jetzt zwischen die hinteren Enden der 
beiden Medullarfalten zu liegen. Vergleiche mit friiheren Stadien 
lehren dass der Caudalknoten sich unterdessen bedeutend 
verkleinert hat. Schliesslich verschmilzt der Caudalkno- 
ten seitlich mit den Endabschnitten der beiden Medullar- 
falten und bildet bei der Abschniirung des Schwanzes 

• Substantially like Fijjfs 18 and 9 of the present Contribution. 
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Woodcut I. 



das ausserste Ende desselben'' (p. 422). He promise«j to give 
details in another paper. 

Will's views on the changes occurring in the part where the 
cell-mass in question is situated are somewhat intricate, and the 
reader must refer to the original papers (*92, *93, '95) for a 
detailed description.* I c«in attempt to give here only the bare out- 
lines. 

The ])rimitive 
plate**", situated 
posteriorly to the 
embryonic shield, 
is at first in the 
shape of a sickle 
and the blasto- 
pore found in the 
middle of the 
plate is a trans- 
versely elongated 
slit (Woo<lcut I. 
A). Soon, how- 
ever, the two horns of the sickle are grown over by the epiblast, by the 
process of the epibolic invagination, and there remains only the middle 
part of the primitive plate, which thus assumes a circular shape. By 
rapid cell-multiplication, the primitive plate now grows in length and 
becomes a median longitudinal streak (the j)rimitive streak) which 
encrotiches forward more and more on the embryonic shield (Woodcut 
I. B). A section through the primitive plate shows that, at its edges. 





pp *r 



PP wsp 



Diajj^ram of the surface views of two embryos of Cittudo lutaria 
according to Will. (Zool. ctntralhL I. p. 136) «, embryonic shield ; 
pp, primitive plate; t/«p, entrance to the archenteron; ttr, sickle 
groove. 



* "Will himself has recently given a summary of his own work in ZooL Centralblatt^ I. Not. 
415, 8, 4* 9. For the point in question, see pp. 136-139. 

t For the explanation of this term, see further on, or Coiitrib. IV. 
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Woodcut II. 




B 



Sections through the primitive streak of a 
Gecko embryo of the Vlllth Stage, according to 
Will (Zool. CentralU. I. p. 137). 
A 12 sections behind the anterior lip of the 
blastopore. tr-ir, central field ; y-w, peri- 
pheral field. 

2 sections behind the anterior lip of the 
blastopore. The peripheral field is fused 
with the ectoderm of the embryonic 
shield and is no longer distinct. The 
central field appears as the plug between 
the lips of the primitive g^^ve, pr. 

Woodcut III. 

tf A rf B 




Diagrams showing the changes taking place 
in the primitive plate, according to Will (Zool. 
CentralU. I. p. 138). w, blastopore j r/, peripheral 
field ; wi/, central field. 



the primitive plate is ahnrply 
marked oiF from the sur- 
rounding epiblast as shown 
^^t !/) !/j Woodcut II. A. The 
diagrammatic surface-view of 
the primitive plate would 
therefore be an area circum- 
scribed by a distinct line all 
around, as in Woodcut III. 
A. The blastopore (Invagina- 
tionsoffnung), which is a 
narrow transverse slit in this 
figure, now begins to assume 
a crescentic shape, and its 
horns then gradually extend 
backwards over the entire 
primitive plate (Woodcut III. 
jB. C. D.), until they meet in 
the posterior median line. Thus 
an elliptical central field 
(Mittelfeld) is circumscribed 
by a ring-like peripheral field 
(Randfeld), the line of de- 
markation between the two 
fields being formed by the 
blastopore and its posterior 
horn-like prolongation on 
each side (Woodcut III.). As 
the peripheral field is marked 
off from the central field, the 
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former becomes continuous with the circnmjiicent epibList, as shown 
in Woodcut 11. B.j and the central field peeps out between the blasto- 
pore lips. This alone can therefore be called the yolk-plug. Now 
the lateral lips of the blastopore approach each other more and more 
in the median line. In Will's own words : — " Infolge der zuneh- 
menden Annaherung der Urmuudlippen wird nun die Mitfelplatte 
(Fig. 11, II.*) mehr und mehr in die Tiefe gedrangt und zu einem 
Teil des splanchnischen Blattes, bis schliesslich bei vollkommener Ver- 
schmelzung der Lippen der Primitivrinne oder des Blastoporus zur 
Urmundnaht das Mittelfeld genau so uberwachsen und 
invaginiert wird, wie bei den Amphibien der Dotter- 
pfropf. Mit dem Zustandekommen der Urmundnaht 
ist demnach der Primitivstreif vollkommen von der 
Bildflache verschwunden. (Zool. Centmlbl. I. p. 139). Of the 
theoretical significance of these complicated processes. Will says : — 
** In der Ausdehnung des Urmundspaltes nach hinten zu einem 
geschlossenen Ring beobachten wir demnach den gleichen Vorgang 
wie er bei den Amphibien stattSndet.** (loc. cit. p. 138). 

The foregoing brief survey of the literature bearing on the 
points at issue is enough to show that there is yet a great deal to be 
done, before any agreement of opinions can be arrived at in regard 
to the changes occurring at the posterior end of the embryonic shield 
in the blastoderm of the Amniota. And this is not to be wondered 
at, when we remember that in them the whole questions of the nature 
of the primitive streak, of the growth of the posterior end of the 
embryo, and of the origin of the allantois and of the proctodaium 
are involved. 

After working out the process of gastrulation in Chelonia given 

• Copied in Woodcut II. B. of the present article. 
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in Contribution IV. of the present series,* I decided to follow the 
fate of the cell-mass which Ishikawa and myself have homologised 
with the yolk-plug of Amphibia. The results obtained are beyond my 
expectations. I have been able to elucidate a series of fiicts, hitherto 
entirely unnoted, which seem to throw a great deal of light, not only 
on the cell-mass in question, but on the nature of the primitive streak 
and on the formation of the posterior end of the embryo. In con- 
sequence, I believe that the nature of the meroblastic amniote egg is 
made much clearer than heretofore, and that important conclusions 
can be drawn in regard to it. 

My observations have been extended over three species of Chelonia, 
viz : — Trionyx japonicus, Clemmys japonica^ and Chelonia caouana. 
The materials used were the embryos of Chelonia collected, as re- 
counted in Contrib. IV.^* in the province of Totomi, and those of 
Tnonyx and Clemmys preserved from the more than abundant supply 
at the Hattori turtle-farm in Fukagawa, Tokyo. It is scarcely 
necessary for me to point out the great advantage of making a com- 
parative study of nearly allied forms : observations on one species 
often throw a flood of light on points in other species which would 
otherwise remain inexplicable and obscure. In the present case, if 
I had had only the Trionyx embryos, I should probably not have 
succeeded, or at any rate should have had a great deal of difficulty 
in making out the course of development given in the following 
pages, while that species is indispensable in pointing out how the 
story so plain in the other two species has come to be abbreviated in 
higher forms. 



Before proceeding further, it may perhaps be well to re- 

* See the list at the end of the article. 
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capitulate here briefly what has been given in the previous contribu- 
tions, so far as is necessary to make what follows compreliensible. 
The facts are mainly contained in Contribution IV. When seg- 
mentation has «:one on for some 



Woodcut IV. 



time, there is established in the 
blastoderm two layers : (a) the 
superficial epiblast composed of 
columnar cells, and (6) the lower 
layer consisting of irregular 
stellate cells and probably not 
forming a complete sheet (Wood- 
cut IV. A). This separation into 
the two layers takes place in all 
parts of the blastoderm wath the 
exception of a small area at the 
posterior end of the embryonic 
shield. Here not only is there 
no differentiation of layers, but a 
thick knob {Pr. Kn.) consisting 
of a network of cells is produced 

Diagrams showing the course of gastrulaUon ^y ^^^ aCCCSsioU of Cclls from the 
in Ohelonia. 

subjacent bed of yolk. This is 
the Primitive Knob or Primitive Plate. The mass can not be said to 
belong to either of the two layers above named. According to my 
observations, the two laj'ers pass gradually into the primitive knob, 
and nowhere can I discover such a sharp line of demarkation as is 
described by Will (Woodcut II., A). Within the area of this knob, 
an invagination cavity is produced, which at first goes straight down- 
wards, but very soon takes a forward horizontal course (Woodcut IV., 
jB, C). This I take to be the Archenteran and its dorsal opening to be 
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the Blastopore. Almost simultaneously with this act of invagination, 
or more probabJy even before it, the epiblast extends back to 
the anterior lip of the blastopore, so that from very early stages there 
is in front of the blastopore no area free from the epiblast. The cells 
of the primitive plate now begin to spread themselves over the ventral 
surface of the embryonic shield, mainly in the anterior direction, and 
pari passu with it, the archenteron extends itself forwards (Woodcut 
IV. C). The roof of the archenteron, which becomes continuous with 
the epiblast of the embryonic shield at the anterior lip of the blasto- 
pore, assumes a columnar arrangement, the process beginning at the 
posterior end and proceeding gradually forwards. Out of the median 
part of it is established the (j/torda-hypoblast, and from a certain stretch 
of columnar epithelium on each side of it is developed the gastral 
mesoblast (See Contrib. III. for details). The floor of the archenteron 
is divided into two parts : — (a) the posterior which proliferates the 
peristomal mesoblast, and (6) the anterior which, losing definiteness, 
is finally absorbed together with the whole thickness of the cell- 
network placed beneath it, thus putting the archenteron in com- 
munication with the large subgerminal fluid-cavity which has been 
developing in the yolk beneath the embryo (Woodcut IV. D). After 
this breaking through on the part of the archenteron, the cells derived 
from the primitive knob spread themselves gradually over the entire 
ventral face of the embryonic shield in the form of a trabecular network 
(Woodcut IV. E). This, however, soon becomes changed into a 
compact sheet of cells, the process beginning at the part that 
corresponds to the original roof of the invagination cavity and 
gradually spreading centrifugally. A median transverse fold arises 
soon at some distance behind the anterior edge of the embryonic 
shield (Woodcut IV. jF, Hd. fold) and marks the head of the 
embryo, and the anterior end of the archenteron. The whole embryo 
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therefore arises within the area covered ventrally by the cells derived 
from the primitive knob. 

It is necessary to call attention here to the change of shape which 
the blastopore undergoes in the course of the above events. Wood- 
cut V gives out- 
Woodcut V. lines of the blastopore, 
2 z 3 fis actually observed in 

one series of embryos of 
Chelonia caouana. As 
they were successively 
taken from the same de- 
posit of eggs at certain 
intervals of time and 
as the changes of the 
shape are corroborated 
by other series of em- 
bryos similarly obtain- 
ed, I think they may 
be assumed to be correct. In (i), the blastopore is a wide open cavity 
rather elongated in the transverse direction. In (2) it is a crescent- 
ic tnmsverse slit, no longer gaping, with its concavity turned 
forwards. In (5), it is nearly straight across, in this case with a 
slight notch in the median line open backwards. In (4) and (5), the 
ends of the slit-like opening have been turned backwards so that the 
concavity now faces backwards. In (6), it is a deeper crescent, also 
wnth its concavity facing backwards. In (7), it has assumed a deep 
horse-shoe shape. In passing, I ought to mention that I have been 
able neither to discover the stage (reproduced in Woodcut I. A) given 
by Will as occurring at the earliest period, presumably previously 
to (i) of Woodcut v., nor to make out any forward encroachment of 



Diagrams showing changes of shape in the blastopore, 
'llie figures of entire embryos are given mostly in Contrib. 
IV. and that of (?) in Fig. 1 of this article. 
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the primitive plate on the embryonic shield aa given in Woodcut 
Li?. 

II. NEW OBSERVATIONS. 

In giving an account of the ontogenetic processes which I pro- 
pose to describe in the present Contribution, it seems most convenient 
to go first over (i) the changes as they can be observed in surface-views 
of the embryos, and then (2) to describe the series of sections through 
the embryos, in order to explain more in detail the nature of tlie 
changes involved in these processes. 

A. THE SURFACE CHANGES. 

liefore entering into the subject proper of this section I may be 
permitted to urge here the great necessity of studying surface 
views of embryos with the utmost care in investigations like the present. 
It seems to me that investigators, especially in vertebrate embryology 
have a tendency to make light of observations made of the surface views 
of embryos, and, before they have exhausted what can be learned 
from outside, have at once recourse to " microtomizing." I have 
never realised as in the present investigation the fact that a careful study 
of surface views not only saves a great deal of labour by giving a 
correct notion of the relations of the parts examined but enables us to 
make out points which would almost certainly escape us if studied only oi- 
mainly in sections. In fact, it would not be too much to say that but 
for an exhaustive study of the surface changes, this contribution would 
never have been written. 

I found in the course of the present investigation that in most of 
those embryos in which the yolk-plug has already considerably shifted 
its position backwards (^see infra), it could be made out only by turning 
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them round and round in very bright diffused light or in not too strong 
direct sunlight until some one favourable ix)sition was secured. A 
paper camera obscnra on the stage of the microscope cutting off light 
from undesirable quarters and a box of black wax in which white 
embryos stood out clearly, I found of great help in studying details. 
I also found that observations made on dark, grey skied days were 
not good for much, for I could invariably make out a great deal more 
from the same embryos on clear bright days, or even eiirlier in the 
afternoon than later. Examination by reflected light was far more 
useful than that by transmitted light. Staining wjis of little use, in 
the study of surface-views, for that process obscured many of the finer 
features. Great caution was necessary in arriving at negative conclu- 
sions : for it proved highly unsafe to conclude that a structure did not 
exist because it miofht not be visible in one or two looks. A Ion": ^nd 
careful study in the most favourable position and light w^as necessary 
before coming to a final decision. As a matter of fact, many of the 
embryos studied in the present investigation were some of those I used 
when working out the fcetal membranes of Chelonia {Contrih. II), but 
many of the features which I descril)e in the following pages entirely 
esc^iped me then and w^ere therefore, not given in the figures accom- 
panying Gontiih. II. 

In describing the surface-changes, I find it most convenient to 
trejit the three s[}ecies together in the earlier stages but to describe 
them separately in their later stages. For vvhile the course of develop- 
ment is so much alike at first, Trionyx shows from a certain stage on 
considerable deviations from the other two, and these show some dif- 
ferences among themselves. 

Earlier Stages 

I start with the Chelonia embryo to which the blastopore given in 
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Woodcut. V. 7 belongs. It is figured in its dorsal and ventral aspects 
in Figs. 1 and la, Pi. I. The head-fold has already sunk considera- 
bly so that in the ventral view it stands out prominently as a trans- 
verse ridge, marking the anterior end of the digestive canal. The 
anterior amniotic fold is distinctly seen as a horse-shoe shaped fold, 
although it leaves the head still exposed for the most pnrt. The 
medullary groove is still very shallow, except in the posterior cephalic 
region where the medullary folds are raised higher than in front and 
back. In the posterior region of the embryonic shield there is in the 
median line a thick knob which stands out prominently on the ventral 
view. This is directly derived from the earlier primitive knob, 
although its nature has undergone a considerable modifioition by 
various processes accompanying gastrulation and by the proliferation 
of the peristomiil mesoblast (cf Woodcut IV). Obliquely through this 
knob a canal passes from the dorsal to the ventral surface (Woodcut 
IV. F). This canal which I have called the blastoporic passage is the 
posterior part of the archenteron which has not hud its floor absorbed. 
The dorsal opening of this canal, i.e.^ the blastopore, is now horse-shoe 
shaped. The mass embraced within this horse-shoe is the structure 
which we have homologised with the yolk-plug in Amphibia. The 
ventral 0[>ening of the canal is rounded. 

The medullary folds now arise. Three Triomjx embryos (Figs. 
16, 17, 18 PI. III.) are introduced to illustrate the relations of the 
medullary folds to the yolk-plug in the eiu-lier phases of develop- 
ment. As the medullary folds (which, it will be remembered, arose 
first in the posterior cephalic region) proceed backwards and approach 
the region of the primitive knob, which may now more prof)erly be 
called the terminal knob (Endwulst), they separate and enclose a 
wide space — the sinus rhomboidalis (Figs. 16 & 17). When they re:ich 
the yolk-plug, their posterior ends abut against the yolk-plug and 
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embrace it, so to speak, between themselves (Fig. 17). This seems to 
raise the yolk-plug .above the original level. It sticks out into the 
sinus rhomboidalis as a knob which is rounded in the case of Fig. 17. 
The dorsal opening of the blastoporic passage lies directly in front of 
it, and, as in Fig. 17, is often overhung by the anterior end of the yolk- 
plug and so is invisible in a dorsal surface-view. A narrow groove 
separates the yolk-plug on each side from the posterior end of the 
medullary fold of its own side and ought, I believe, to be looked on 
as correspondinor to the backward-directed limbs of the horse-shoe 
shaped blastopore of the earlier stages. 

The posterior portions of the medullary folds now press towards 
the median line and obliterate the sinus rhomboidalis, fi-om the surface 
view at least. It exists within for some time longer. In coming 
together, the medullary folds compress laterally the yolk-plug, which 
thereby changes from its previous rounded shape to a triangular 
or wedge shape (Fig. 18). At this stage, one is sometimes able 
to see a delicate irregular white string or mass stretching in front of 
the anterior end of the yolk-plug and lying in the medullary canal. 
(There is a small detached mass in Fig. 18). This is perhaps the 
same thing as the " Achsenfaden " of Dursy,* and is probably 
the anterior end of the wedge-shaped yolk-plug detached and 
modified. 

The course of the changes in Chelonia and Cleminijs at these stages 
are very much like that just depicted for Trioiujx. Fig. 2 of Chelonia 
and Fig. 9 of Clemmys are of embryos nearly corresponding to that 
of Fig. 18 of Trionyx. 

The stages corresponding to Figs. 2, 9, and 18 have been noticed 
and figured many times by writers on reptilian development. The 

• I unfortunately know Dubst's work only by a reference to it in Gassbr's paper (*78). 
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folJowing nre some of these instances: — Strahl (^81), laf. VI, Figs. 
2 & 2ji (like Fig. 2 of the present contribution) ; Mitsukuri & 
IsHiKAWA, Contrib. I, Fig. 4a; Mehnert ('91), Tafel XVIII, Fig. 
17a, 17b, 18a (Cdl. Knt); Clarke (^91), PJ. XI, Figs. 27 & 28 (like 
Fig. 17 of the present contribution?). Kupffer (*92) gives what 
appejirs to be a similar stage for the sparrow in his Taf. VIII, Fig. 
6. It would no doubt be easy to add other instsinces, but these will 
be sufficient to show that such a stage has very frequently been 
noticed. 

I have already quoted the views of two of the most recent writers 
on reptilian development as to the fate of this yolk-plug. Accord- 
ing to Mehnert, it becomes eventually fused with the posterior ends 
of the medullary folds and forms, when the tail is folded, its extreme 
posterior end. According to Will, the blastopore lips gradually 
extend themselves backwards, until they meet behind, and entirely 
circumscribe, the eel I -mass in question, which then becomes pushed in 
and disappears from the surface. All this takes place presumably before 
the upheaval of the medullary folds. 

In Cantnb. /F, I accepted Will's views as probably correct in the 
main, but I shall now proceed to show that the true course of develop- 
ment is different from either of the above views. In doing so, I find 
it most convenient, from the stage of Figs. 2, 9, and 18 onward, to 
separate Chelonia and Clemmj/s from Tnanyx, as the former two display, 
in my opinion, the more primitive course of development, which 
is considerably obscured in Triom/x. 

Later Stages. 

I take up first 

Chelonia caouana. 
I would ask the rejider to study carefully Figs. 2-8a which I 
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have chosen for illustrating the course of the changes. Did it not 
increase figures to an inconvenient number, many other embryos 
might be represented, which would show phases of development similar 
to, or intermediate between, the stages given. 

Fig. 2 has already been referred to, as showing the condition 
when the posterior portions of the medullary folds have pressed 
towards the median line and reduced the yolk-plug to a wedge-like 
shape, by embracing it between their posterior ends. Now follows a 
series of changes which, if expressed simply from the appearances 
observable on the surface and without any regard to the internal 
processes giving rise to them, may be objectively described as 
follows : — 

The ivedge-shaped yolk-plug^ from this stage orij gradually shifts its 
position backwards. In doing 50, it generally leaves in its track a shallow 
median groove which might be mistaken for the continuation of the medtdlary 
canal, although it can be easily distinguished from the latter by being 
narrower^ shallower^ and often more or less wavy. 

I may state here by anticipation that I consider this groove as 
the primitive groove, and the region between the posterior portion of the 
medullary canal (with the blastoporic passage now changed into the 
neurenteric canal) and the backward- shifted yolk-plug as the region 
of the primitive streak. The cause of this backward shifting of the 
yolk-plug we must consider to be the extremely active growth 
and multiplication of the cells lying in the posterior portion of the 
embryo. These statements will be better understood, when the 
sections have been described. The backward progress of the yolk- 
plug at any given stage may roughly be estimated by its distance 
from the neurenteric canal and its position in regard to the " End- 
wulst " (terminal knob). 

In Fig. 3 the medullary canal is already closed, except at its 



Digitized by 



Google 



PATE OP BLASTOPORE, ETC., IN CHELONIA. 21 

hinder end (the part delineated dark in the figure), and the 
neurenteric canal occupies about the middle two-thirds of this part, 
as can be readily determined by looking at the embryo by transmitted 
light. The yolk-plug, which can be easily told by its characteristic 
horse-shoe shaped outline, has therefore already considerably moved 
itself back, although it is still superposed, in the dorsal view, on the 
" Endwulst." This embryo is somewhat exceptional in that the 
groove between the posterior end of the medullary canal and the yolk- 
plug is ill defined, being shallower and wider than is usual, as a com- 
parison with the succeeding figures will show. 

In Fig. 4, the backward progress of the yolk-plug has gone one 
step further. As in Fig. 3, the posterior end of the medullary canal 
is still left open, as shown by the dark streak. This opening is 
somewhat irregular in shape, being wider in the middle and pro- 
duced into narrower prolongations both in front and behind. The 
neurenteric canal is at the posterior end of the middle wider part. 
Now, the part shaded slightly lighter lying immediately around 
this wider part shows approximately the extent of the medullary 
canal as determined by transmitted light, so that all that part of 
the dark streak behind the middle wider part must be regarded as 
the groove stretching between the medullary canal and the yolk-plug. 
In this specimen, the anterior half of this groove is wider and appears 
as the direct posterior prolongation of that irregular opening which is 
still left in the posterior end of the medullary canal. At about the 
middle point of the groove, it becomes suddenly narrower and finer, 
and reaches the anterior edge of the yolk-plug. The latter, horse-shoe 
shaped as usual, appears now superposed on the edge of the 
*' Endwulst." 

In the embryo represented in its dorsal and ventral aspects in 
Figs. 5 (PL I.) and 5a (PI. II.), the amniotic fold has extended 
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nearly to the posterior end of the embryo and its free edge lins the 
characteristic horse-shoe shape. The hinder part of this embryo is given 
on a larger scale in Fig. 5b. The posterior end of the medullary canal 
is still open so far as it is visible behind the free edge of the amniotic 
fold. The opening is in the figures at the anterior, wide, and 
darkest, part of the median streak seen behind the free edge of the 
amnion. The neurenteric canal also lies just under this oi)ening, 
and marks the posterior end of the medullary canal. The light 
elliptical area around this end of the medullary canal is the 
" Endwulst." The yolk-plug, which has become somewhat pentagonal 
in shape, has now receded considerably behind the posterior edge of the 
"Endwulst" and is at the edge of the embryonic area (not the " Stamm- 
zone "). A delicate median groove extends between the posterior end 
of the medullary canal (delineated darker) and the yolk-plug, and is un- 
usually distinct. In front this groove is straight and fine; behind 
it is a little broader and slightly wavy. The ventral oj)ening of 
the neurenteric canal seen in the ventral view (Fig. 5a, PI. II) is 
biscuit-shaped, being narrowest in the middle. This shape seems to 
be characteristic of Chelonia caonana. 

In Fig. 6 is represented the hinder portion of another embryo, 
obtained from the same deposit of eggs at the same time as that given 
in Fig. 5. It also shows unusually clearly the relations of different 
structures in this i)art of the embryo at this stage. The medul- 
lary canal is entirely closed, with the exception of it^ most posterior 
portion. This opening, showing darker in the figure than the rest of 
the median streak, is slightly dumb-bell shaped, the medullary folds 
coming closer together in the middle of the opening than eitlier in 
front or behind. This part also marks the position of the neurenteric 
canal. Behind this opening and in direct continuation of it, there 
stretches backwards in the median line a well-defined wide and shallow 
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groove as far as the groove surrounding the yolk-plug. The latter 
structure is unusually distinct in this specimen and stands out pro- 
minently as a white area. It is almost geometrically hexagonal, not 
being marked by a well-defined groove only in ita posterior boundary. 
Its position some distance behind the " Endwulst " and at the edge 
of the embryonic area is well shown in the figure, although there are 
differences in some particulars from what is seen in Fig. 5 or 5b. 

There now ensues an important change, which Fig. 7 is in- 
troduced to illustrate, as well as another point. Here is seen one of 
those embryos in which a most careful search fails to reveal any trace 
of the yolk-plug. The primitive groove can also not be seen. There 
seems to be in different deposits of eggs great diversity in this res- 
pect. For instance, the embryos belonging to the series from which 
Figs. 5, 6, and 8 are taken show unusually clear figures of the yolk- 
plug, the primitive groove, etc., while in the series to which Fig. 7 
belongs, the yolk-plug and the primitive groove are obscured. 
Histological details appear however to be essentially alike. The 
change which Fig. 7 is intended to illustrate lies in the upheaval of 
the tail-fold of the embryo. This is effected in the following way : — 
The " Endtoulst,^^ which can be recognised by the fact that it surrounds 
the posterior end of the medullary canal, becomes well marked in its 
posterior boundary by the gradual tising vptcards of its own mass to 
produce the tail-knob. I may here anticipate the results of a study 
of the sections by stating that the tail-knob is not produced by the 
tucking under of the blastodermic surface, but by an actual rising or 
uphaeval of it at this part. The reasons for this conclusion will be 
given in the part dealing with the study of the sections. A similar 
figure (Fig. 25) in the Tiiontjx series will also illustrate this point. 
Referring again to Figs. 5 and 6, we may therefore conclude that 
the position to which the yolk-plug has retreated in these figures is 
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considerably behind the tail-knob, inasmuch as the latter structure is 
produced by the rising upwards of the ^' EnAvmhty The groove 
extending between the posterior ends of the medullary canal and the 
yolk-plug, i.e.^ the primitive gi'oove i-uns tlurefore^ along the median line 
of the future tail-knoh and, extending beyond it, reaches the yolk-plug. 
The line marking the posterior boundary of the tail-knob crosses the 
primitive groove making right angles with it. 

Figs. 8 (PI. L) and 8a (PL II.) represent the dorsal and ventral 
views of an embryo in which the tail swelling has become considerably 
elevated. The amnion has now not only covered the tail end of the 
embryo but extended far beyond it as the posterior tube of the 
amnion [described in detail in my Contrib. II and also, recently, by 
Mehnert (*95)]. The lateral limbs of the posterior horse-shoe shaped 
opening of the amniotic tube are much longer in this than in Trionyx 
or Clemmys — a point characteristic of Chelonia caouana. With this 
extension backwards of the amnion, the tail-end of the embryo and 
the yolk-plug are necessarily covered by it but fortunately the yolk- 
plug is in this specimen seen unusually clearly through the amnion 
as a white mass, showing its position in the median line closely but dis- 
tinctly behind the tail-swelling. In the ventral view also (Fig. 8a) the 
yolk-plug is seen as a median white structure behind the tail-swelling. 

This is the last stage of Chelonia caouana in which I was able to 
detect the yolk-plug in the surface view, the complications of diflferent 
structures in this region making surface observations impossible 
after this. 

Clemmys japonica. 

Let us turn next to Clemmys japonica. I only introduce here 
figures enough to establish the fact that an essentially similar course 
of events takes place in Clemmys as in Chelonia. 
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Fig. 9 is the stage in which the medullary folds have reached pos- 
teriorly the yolk-plug and compress it laterally. The medul- 
lary canal is still open throughout. At the posterior cephalic region 
the medullary folds, which first arose here, are now pressed ngainst 
each other, thus narrowing the medullary canal in that region in 
the surface view. 

Fig. 10 is a sketch of an embryo, made long ago and 
produced in Fig. 2 of Contrib. II. I considered at the time that the 
horse-shoe shaped yolk-plug marked the posterior end of the medullary 
canal. A study of this figure, along with the series of sections prepar- 
ed from the embryo represented in it, has made it evident that this is 
the stage in which the yolk-plug has already retreated a short distance 
behind its initial position. A slight enlargement of the medullary 
fissure a short distance in front of the yolk-plug, which I noted and 
sketched at the time, is undoubtedly the posterior end of the medullary 
canal and the line between that enlargement and the yolk-plug 
represents the primitive groove. This will become clear from the 
description of the sections prepared from the embryo (Series III. PI. 
IV.). 

Fig. 11 is the stage corresponding to Fig. 5 or 6 o{ Chelmiia. 
The amnion leaves only the posterior part of the embryo exposed. 
As in Chelotiia, the posterior end of the medullary folds is seen 
merging in the " Endwulst," which stands out as a circular white 
area. The medullary canal is completely closed, with the exception 
of a little stretch at its posterior end. At this place, there is a 
longitudinal opening, easily distinguishable by being wavy and 
a little wider than the rest of the median streak. This opening lies 
in a surface view at the anterior median radius of the " Endwulst." 
This also marks the position of the neurenteric canal in a surface view. 
From this opening, a delicate, and narrow groove — the primitive 
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groove — goes backwards along the median line. It is much narrower 
than the posterior opening of the medullary canal. It is slightly wider 
and deeper in its hindmost part than in front. Just behind the spot 
where the primitive groove ends, a semilunar structure is faintly 
visible. This is the yolk-plug, differing somewhat in shape from 
that of Chelonia. In this specimen, I can not nmke out whether the 
primitive groove quite reaches the groove bounding the yolk-plug 
anteriorly. The " Endwulst," which is nearly circular in outline, is 
seen sending a small tongue backwards beneath the hindmost part 
of the priinitive groove, which must be looked upon as the outwardly 
visible expression of the cells proliferated from this part of the 
primitive groove. 

In Fig. 12, the medullary canal is entirely closed, but a slight 
widening behind is seen faintly through its roof which marks the spot 
where it was open, as in Fig. 11. and serves to indicate the position of 
the neurenteric canal. The primitive groove exists over only the 
posterior part of the ** Endwulst ", which sends out now a much 
larger and more distinct tongue bickwards beneath the groove than 
in Fig. 11. The groove is wavy. Its hindmost part is slightly 
deeper, and in the surface view, darker than in front. In this 
specimen, there is no question whatever as to whether the primitive 
groove reaches the groove surrounding the yolk-plug. The latter 
structure is somewhat different in shape from that seen in Fig. 11, 
being top-shaped, with its pointed end turned forwards and insinuated 
into the primitive groove. 

Fig. 13 is of about the same stage as Fig. 12. The medullary 
canal is completely closed, but the position of the neurenteric canal is 
still faintly visible from above as a slight enlargement of it. The 
tongue of the " Endwulst " projecting backwards is clear and decided. 
The primitive groove, which exists over only the posterior part of the 
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" Endwulst," is straight in this s|)ecimen and distinctly reaches the 
groove surrounding the yolk-plug. This latter structure appears quite 
elongated and club-shaped. Careful examination shows that only the 
head of the club is surrounded by the groove and probably ought alone 
to be looked on as the yolk-plug. The part that corresponds to the 
stem of the club has only acquired the appearance of being continuation 
of the yolk-plug through being bounded on each side by a dark area 
which indicates an empty space within. 

Fig. 14 represents an advanced stage in which the tail -swelling 
has already been considerably raised. There are two faint longitudinal 
streaks visible behind the tail-swelling and a third wedge-shaped one 
in between the two, some distance behind. The sections show that 
the primitive groove is continued some distance behind the biil-swel- 
ing, and the two parallel streaks are probably surface expressions 
of the lips of the primitive groove. Whether the third wedge-shaped 
streak represents the yolk-plug, I can not determine, as it is very faint 
and the sections unfortunately do not give a decided answer. This 
figure however is enough to show that the primitive groove is conti- 
nued behind the tail-swelling. 

Fig. 15 represents a much more advanced stage in which the 
amnion has already extended itself as a long posterior tube. The tail- 
swelling is also very much developed. Different from Fig. 8 of 
Chelonia, the yolk-plug is not visible behind the tail. There is, how- 
ever, a long white streak present all along the median line of the floor 
of the posterior amniotic tube and extending even beyond its horse- 
shoe^ shaped postorior opening. This streak is often visible in 
Clemmys embryos, and I figured it in Contrib. ILj PI. I., Figs. 5 & 6. 
It has also been noticed by Mehnert in Emys lutaria taurica. ('95, 
PI. X., Fig. 26). The discussion of its nature is postponed until 
we come to the description of the sections. 
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The above account establishes conclusively, I think, that the 
changes occurring in the posterior part of the embryo run essentially 
the same course in Clemmys as in Chelonia. 

Trionyx japoiiicus. 

This species differs from the two foregoing species in that 
it does not show in any specimen the groove which connects the 
medullary canal with the yolk-plug. This I take to be evidence of 
its less primitive character. The histological details are however alike 
in all the essential characters, as will become evident when studying 
the sections. 

Figs. 16, 17, and 18 have already been described, when show- 
ing how the posterior portions of the medullary folds are raised and 
how they come together and compress laterally the yolk-plug. 

Fig. 19 is the stage next to Fig. 18. The medullary folds have 
met each other in the median line although not yet fused together in 
its posterior half. The yolk-plug rests oii the posterior ends of the 
folds^ and presents roughly speaking a pentagonal figure, distinct 
on all sides except behind, one of its angles coinciding with the 
line of meeting of the medullary folds. Through the yolk-plug the 
posterior end of that line of meeting can just be seen. A con- 
dition of the yolk-plug similar to that in this embryo, I was able to 
discover in several of the Triotiyx embryos, but after diligent sejirch 
nothing like it can be detected in any embryo of Chelofiia or Clemmys. 
I am inclined to think that in these species, the yolk-plug gradually 
recedes after the stage resembling that in Fig. 18, without iciuch 
changing its level in regard to the medullary folds, while in TnonyXj 
it is entirely lifted up above that level, attaining the condition given 
in Fig. 19 before it begins to move backwards. These circumstances 
have probably some relation to the fact that a primitive groove is 
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left behind, so to speak, in the track of the yolk-plug in Chelotiia and 
ClemmySj while it is absent in TrionyXj showing, as I have said, the 
less primitive character of the development of this genus. 

In Fig. 20 the medullary canal is entirely closed and the yolk- 
plug with horse-shoe outline has receded somewhat, although in a 
surface-view it appears still superposed on the " Endwulst." The 
yolk-plug in this figure, as well as in some following, is represent- 
ed a little too boldly. It is very hard to detect, and I discovered it 
only after searching for it long in not too strong direct sunlight. In 
a favourable light and position, however, it is distinct and unmis- 
takable. 

In Fig. 21 the yolk-plug is unusually clear and has now re- 
ceded some distance behind the " Endwulst," which appears white. 
There is no sign of the primitive groove. 

Fig. 22 is very much like Fig. 21, but the shape of the yolk-plug 
is not as angular as in that figure. 

In Fig. 23, the yolk-plug hsis receded about as far back as in Fig. 
21, but here the backward directed tongue of the "Endwulst" is 
visible, and a faint narrow white streak can be recognised in the 
median line, passing under the yolk-plug, as a continuation of the 
tongue. This appearance is due to the cells proliferated along this 
line. Although the " Endwulst" in this figure thus appears different 
in shape from some which precede it, e.g., that of Fig. 21, I believe 
it is not safe to conclude from this that this structure is different in 
reality, since the details visible in surface views depend so much on 
the conditions of preservation of the embryos and upon other 
secondary circumntances. 

Fig. 2-i (PI. II.) is from an embryo which, in general appearsince, 
is very much like that of Fig. 23. In it, however, I was unable 
to detect any sign of the yolk-plug. Just where the yolk-plug ought 
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to be present, there is visible instead a median white streak, bounded 
on either side by a dark streak and on the right, a second fainter 
white one. It appears therefore, as though there were two distinct 
ridges here, but I believe that the right hand light streak is due to 
some secondary circumstance, and that the one in the median line 
alone indicates proliferation of cells in the epiblast and is comparable 
to the streak visible below the yolk-plug in Fig. 23. 

Fig. 25 is important as showing how the tail-swelling arises. 
In this embryo, three concentric zones are visible in the part of the 
embryo exposed behind the posterior horse-shoe shaped edge of the 
amnion. These are simply the surface expressions of various thick- 
nesses of tissues in different parts. The yolk-plug and a median 
streak under it are seen faintly on the outermost of these zones. 
The line that marks the outermost from the middle zone is somewhat 
faint. The innermost zone, however, is sharply marked off from the 
middle one and is to be looked on jis showing the extent of the " End- 
wulst.'' It is in fact this zone which is now rising up as the tsiil- 
swelling, as will become evident from the sections. Here, again, it 
is evident that the yolk-plug lies clearly behind the tail-swelling. 
Fig. 25a (PI. II.) is the ventral view of the same embryo, and 
shows well the ventral opening of the neurenteric canal. 

Fig. 26 is the last stage in which I was able to detect the yolk- 
plug in a surface-view. The tail-swelling is now distinctly bounded 
by a deep groove all around. At the posterior edge of this groove, 
partly covered by the amniotic fold is the yolk-plng with its charac- 
teristic shape in the median line. Fig. 26a (PI. II.) is the ventral 
view of the posterior portion of the same embryo. The semilunar 
notch behind the ventral ojjening of the neurenteric cand is the 
commencing allantois. 

After this stage, the part where the yolk-plug ought to be visible, 
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is covered over by various structures which render it no longer 
possible to be seen in a surface- view, even if present. 

Summary. 

The changes which I have described as observable in the surface- 
views of the embryos of the three species may be summed up as 
follows : — 

The mass of cells tvhich sticks out between the limbs of the horse-shoe 
shaped blastopore — i.e., the yolk-plug — is embraced between the posterior 
ends of the medullar!/ folds, when these are formed, and is lifted and 
compressed laterally by their coming together. 

It then apparently shifts its position backwards. 

In Chelcnia and Clemmys, the yolk-plug in thus moving backwards, 
leaves, so to speak, in its trach a groove tvhich therefm-e necessarily joins the 
hindmost portion of the medullary canal tcith the groove surrounding the 
yolk-plug. This is the primitive groove. 

In Trionyx, such a groove is not visible on the surface. 

The " Endivulst " rises up as the tail of the embryo, and the line 
of upheaval crosses the primitive groove (when such is present) at right 
angles and midway between the initial position of the yolk-plug and its 
final backward position. 

The yolk-plug therefore is not included in the tail and lies some 
distance behind it. 

B. THE SECTIONS. 

In giving an account of the internal developmental processes of 
which the changes described in the preceding section may be said to 
be the surface expressions, the most logical way would be to give 
parallel series of sections of different stages in each of the three species 
that formed the objects of my research. Investigators of similar 
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subjects will find it easy to understand that many little difiiculties, 
however, stand in the way of realising such a course, and that the 
labour necessary in overcoming such difficulties is not at all com- 
mensurate with the advantages to be derived from it. Moreover, such 
a proceeding would increase the number of figures and plates to an 
inconvenient degree. I have, therefore, thought it best to present here 
series of sections, selected from the three species, in such a way that 
where the course of development is practically the same in two or all 
of the three species, a series from one species may do office for the 
other one or two. Series of sections are therefore given, mainly in 
the order of their age, regardless of the species to which each may belong 
Where there is a striking divergence between any of the three, that fact 
will be mentioned and as far as possible illustrated with a series of 
sections. The reader is for this reason requested to note specially to 
which species each of the series given in the following pages belongs. 

The numerals placed between every two sections give the number 
of sections that intervene between those two. Again, when a section 
is stated to be so many sections behind another it must be under- 
stood that that section is excluded, and that counting begins 
from the section next to it and includes the given section behind. 
Karyokinetic figures are filled in in some of the series, and omitted 
from others, so that their absence in the drawing must not be 
taken as their absence in the sections themselves. 

I confess, it is with some hesitation that I have decided to 
present the description of the series in the shape given in the 
following pages, for to read through a mere dry description of 
sections, even if accompanied by figures, is in my opinion one 
of the most tiresome things, and I am afraid I may be taxing 
unduly the patience of the reader. When, however, I consider that 
if he were present personally before me and I wished to convince 
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him of what I wish to do in writing this paper, the best course 
open to me would be to make him look through my sections and 
to explain to him the nature of each series, (in addition to looking 
over the embryos in toto)^ I feel myself obliged to adopt, in writing, 
a course as similar to that as I can make it, and to pick out the series 
of sections that are important and to describe them. I, however, 
intend to be as brief as possible and to touch only on the salient 
features. 

Series I. 

(PI. IV.) 

Chelonia caouana. 

An embryOj ivith no mesohlastic somites ; taken out 9^l2 days after 
deposition* ; surface vieivs given in Figs. 1 d la^ PL I. (b 11 b). 

In this series is given a number of transverse sections from the 
posterior portion of the Chelonia embryo given in Figs. 1 & la. 

a is from the hinder part of the mid-dorsal region. The 
chorda in this region is distinctly formed, and is 
independent of all the surrounding parts : the mesoblast, 
the hypoblast, and the epiblast. 

b is the eighth section behind a. The chorda is in the 
process of formation but is as yet in connection with the 
mesoblast and the gut-hypoblast. 

C is the sixth section behind 6, and is slightly in front of the 
ventral opening of the blastoporic passage. TTie chorda, 
as such, is no longer recognisable, and the c/i(wda-hypo- 
blast, the gastral mesoblast, and the gut-hypoblast are all 
in connection with one another. 



* The age of the embryos giTen in days does not at all indicate the stage of development to 
which they have attained, as this depends on the temperature of the atmosphere and other ex- 
ternal conditions. 
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d is the fourth section behind <?, and is just at the ventral 
opening of the blastoporic passage. As the section is 
somewhat oblique, the passage is nearly open below on 
the left side. The dorsal and lateral walls of the passage 
show an arrangement of cells like columnar epithelium, 
while the bottom is formed of a mass without any regular 
arrangement. The epiblast is fused with the chorda- 
hypoblast, as we are already in the region where the 
epiblsist is reflected and becomes continuous with the 
hypoblast at the dorsal lip of the blastopore. 

e is the second section behind d, and is at the dorsal opening 
of the blastoporic passage. The epiblast is reflected on 
each side at the lips of the blastopore and is prolifeniting 
the peristomal mesoblast. 'i'he bottom of the passage is 
formed of a mass of cells without any regular arrange- 
ment. 

f is two sections behind e. The mass of cells which formed 
in d and e the bottom of the blastoporic passage stands 
out in this section as a prominent body between the lateral 
lips of the blastopore which are proliferating the peristo- 
mal mesoblast as before. This mass is the so-called yolk- 
plug and shows no regular arrangement of cells. The 
gut-hypoblast, which was fused in d and e in the median 
line with the mass above, is in this section clearly indepen- 
dent. In the preceding section the yolk-plug is distinct, 
but smaller. 

g is four sections behind /. The groove on each side between 
the lateral blastoporic lip and the yolk-plug has been 
getting shallower with each section behind /, cells on the 
surface are arranged like columnar epithelium and although 
as yet continuous with the peristomal mesoblast below, we 
must regard this region as that of transition to the epiblast. 
There is even an indication of the separation of the upper 
layer from the subjacent mesoblost for a very short stretch 
in the median line. Compare Woodcut VI. further on 
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for this point. 

In the next section, the epiblast is separate from the sub- 
jacent mesobJast in the middle of the yolk-plug. In 
three or four sections more, all the three layers are in- 
dependent of one another. 

Woodcut IV., F (p. 12) may be taken as the diagrammatic 
longitudinal section of this stage. 

This series shows that in the embryo given in Figs. 1 & la, 
there is in the posterior part a blastoporic passage which takes an 
oblique forward course from its dorsal to its ventral surface. The dor- 
sal opening of this passage is horse-shoe shaped (Fig. 1) and the outer 
edges of this opening are proliferating the peristomal mesoblast in all 
its parts, excepting the anterior lip where the epiblast is reflected and 
continuous with the chorda-hypoblast. The mass of irregularly 
arranged cells, which forms the floor of the blastoporic passage and is 
also continuous with the peristomal mesoblast, sticks out to the level 
of the dorsal surface between the horse-shoe shaped lips of the 
blastopore, and is bounded anteriorly and laterally by them. This is 
the mass which I have called the yolk-plug. Posteriorly I have not 
seen this mass bounded by a groove in any specimen. But as the 
yolk-plug passes posteriorly gradually into the epiblast, and as the 
region of this transition is continuous with the peristomal mesoblast, 
(Woodcut IV. F), we may suppose the blastopore lip to be present 
here in a rudimentary form. I wish also to call attention to the fact 
that all the three layers are fused on the floor or posterior wall of the 
blastoporic passage (Cf. Woodcut IV. F). 

As Section / of this series shows, there is no epiblast on the dorsal 
surface of the yolk-plug. I have reconstructed from the series a sur- 
face view of the posterior portion of the embryonic shield for the 
purpose of ascertaining the extent of the area thus free from the 
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Woodcut VI. 




Eeconstructed surface-view of the posterior portion of the embryonic shield. 
[Enlargement in length is slightly less than enlargement in breadth], 

epiblast. Woodcut VI. is such a reconstruction. The heavy dark 
lines are intended to show the epiblast. It will be seen that the mass 
embraced within the horse-shoe shaped blastopore is entirely free from 
the epiblast. As we go backwards, the surface layer gradually acquires 
an arrangement like columnar epithelium (see g) and the thus ar- 
ranged layer little by little separates itself from the subjacent mesoblast, 
first in the median line and then by degrees laterally until there is an 
independent epiblast layer over the entire breadth. Short transverse 
lines in the posterior part of the yolk-plug in Woodcut Vi. indicate 
the extent of the separation of the topmost layer from the mesoblast 
below. It is natural that the fusion of the upper layer with the meso- 
blast goes backwards furthest along the groove or lips of the blasto- 
pore, as the mesoblast is being proliferated here. 

Stages similar to, or preceding, this in Cleimnys^ Tvionyx^ and 
Chelonia have already been described in Contributions J, III^ and IV. 
In them, the mesoblast formation will also be found described. 

Series II. 

(PI. IV.) 

Trionyx japonicus. 

An embryo with 2-3 viesoblastic somites; taken out 4 days after 
deposition; surface view given in Fig. J<S, PL III. (i36/9). 
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In this is given a series of transverse sections through the region of 
the yolk-plug in the Trionyx embryo represented in Fig. 18 (PI. III.). 

a has the medullary canal wider than in the part anterior 
to it, showing that although the sinus rhoinboidalis has 
been obliterated from the surface- view (compare Fig. 18 
with Fig. 17) it still exists within. The medullary chord 
and the c/iorda-hypoblast show already a tendency to 
merge into each other. The yolk-plug appears in the 
medullary canal as a mass of cells resembling in shape 
the odontoid process of the axis. A comparison 
with Series I, /, shows that the yolk-plug has greatly 
diminished in size. The fact that the part of it lying 
within the medullary cavity is larger and more rounded 
than the part embraced between the edges of the medul- 
lary folds shows that the approachment of the medullary 
folds towards the median line has compressed the yolk- 
plug laterally. Note that the karyokinetic figures are 
numerous in the walls of the medullary-, and chorda-, 
canals in this and succeeding sections, showing that this 
is the seat of active growth. 

Anterior to this section, there are two in which the 
front termination of the yolk-plug is seen as a mass much 
smaller than that in a. 

b is the section next behind a. The medullary-, and the 
chorda^^ canals approach each other and the fusion of 
their wall is greater. 

C is next behind b. Here, we are in the region of the 
neurenteric canal, t.e., the medullary canal has united with 
the c/iorda-canal. Owing to the slight obliquity of the 
plane of the section, there is on the left side (right, in the 
figure) of the neurenteric canal a ledge of cells projecting 
transversely into the middle of the canal. Comparing 
this section with Series I. /, we perceive that the upper 
surface of the yolk-plug was in the latter section at the 
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level of this ledge, and that the uprising of the medullary 
folds has therefore carried the yolk-plug upwards along 
with them. This perhaps accounts for the great diminu- 
tion in the breadth of the yolk-plug, since we must 
consider the same mass of cells spread over a greater extent, 

d is two sections behind c. The posterior wall of the 
neurenteric canal (earlier the floor of the blastoporic 
passage) which ' is formed of a mass of cells without any 
regular arrangement is nearly reached, and a part of it 
is seen on the right (apparent left) side standing up from 
the bottom of the canal. The yolk-plug is in contact, 
but is not yet fused, with it. The wall of the medullary 
canal is now inseparably fused with the mesoblast along 
the larger part of its outer side. 

e is the section next behind d. The yolk-plug has now 
united with the posterior wall of the neurenteric canal 
and is seen as a tall mass standing up from the bottom 
of the canal. Its most superficial part is somewhat 
marked as a cap sitting on the underlying part. This 
probably is the first indication of the epiblast which, as a 
comparison with Woodcut VI. shows, encroaches on the 
dorsal surface of the yolk-plug before the posterior points 
of the lateral limbs of the horse-shoe shaped blastopore 
are reached. 

f is the next section behind e. The groove on each side of 
the yolk-plug is becoming shallower, as we are nearing 
the ends of the lateral limbs of the horse-shoe shaped 
blastopore. 

g is two sections behind /. The epiblast of the right (ap- 
parent left) side has become continuous with the epiblast 
over the dorsal surface of the yolk-plug. In the left 
(apparent right), there is still a groove present. The 
columnar-epithelium-like arrangement of cells marking 
the posterior ends of the medullary chord which has been 
ffettino: less and less in the hist few sections has almost 
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entirely disappeared, excepting a little stretch on the left. 
h is the section next to g. The epiblast now extends over 
the entire breadth, but there is still a mass of cells in the 
median line, immediately below the epiblast, which is 
connected with the superjacent epiblast and with the 
subjacent mesoblast. This mass, which I have darkened 
in the figure from conventionality, is in fact lighter and 
quite noticeable. It gradually decreases until in the fifth 
sections behind /i, the epiblast is distinctly separate 
throughout from the mesoblast below, and thus the three 
layers become all independent. 

The obliquity of the blastoporic passage, which has now become 
the neurenteric canal, is much less in this series than in Series I. 

Fig. 9 (PI. II.) of Clemmys and Fig. 2 (PI. I.) of Chelmia are the 
stages corresponding to this in Trionyx. The main points of these 
embryos are like those of this series, although different in various 
details, since the idiosyncrasies of individual embryos not only in 
different species but within the same species are as a general thing 
very great. 

Series III. 

(PI. IV.) 
Clemmys japonica. 

An emhnjo with 5 mesoblastic somites ; taken mit 4^/2 days aftet* deposi- 
tion; represented in Fig. 10, PL 11. {=Contrih. II. , Plate J., Figs. 2 
and 2a). (xxxxrx). 

In this is given a series of transverse sections through the 
posterior part of the Clemmys embryo represented in Fig. 10. The 
yolk-plug has already receded a little from its original position. 

a is from the hinder portion of the mid-dorsal region. The 
medullary canal is still open. 
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b is nine sections behind a, and is the second in which the 
medullary chord shows signs of fusion with the noto- 
chord. The mesoblast and hypoblast are independent. 

C is five sections behind b. The notochord can no longer be 
recognised as such. The c/io?-6la-hypoblast is fused above 
with the medullary chord, laterally with the mesoblast, 
and is continuous below with the gut hypoblast. 

d is four sections further back than c and is the first in 
which the neurenteric canal is open below. The canal 
is now almost vertical. The medullary chord is now fused 
with the mesoblast along the entire height of its sides. 
The epiblast, the medullary chord, the mesoblast, the 
c/ior<:ia-hypoblast and the gut-hypoblast are all united in 
this section. 

e is three sections behind d and is the first in which the 
neurenteric canal is closed ventrally. From the floor of 
the canal stands up a small club-shaped mass. Its con- 
tinuation is also seen in the next section /. This is pro- 
bably the same thing as what is called the " Achsenfaden " 
by DuRSY. It seems most reasonable to supjx)se that such 
a yolk-plug as that described in Series II (c, d, e^) has left 
a few cells here in moving backwards. 

f is the section next behind e. There we reacli the posterior 
wall of the neurenteric canal which can be recognised by 
the columnar-epithelium arrangement. 

g is two sections behind /. Here we have already left the 
region of the medullary groove and we see the section of 
the groove which appeared like the posterior prolongation 
of that canal in the surface view — we called it the pnmitive 
groove. Note that the epiblast which was continuous with 
the wall of the medullary canal in all the preceding sec- 
tions bends down in this section on each side of the 
aforesaid groove to become directly continuous with the 
peiistomal mesoblast. The cells arranged to form the pos- 
terior wall of the neurenteric canal are still recognisable. 
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h is two sections behind g. Here we see the last vestiges of 
the posterior wall of the medullar}^ canal. Otherwise it 
is very much like g. 

i is two sections behind h. There is no longer any trace of 
the posterior wall of the neurenteric canal. The groove, 
etc., are very much as in g and h. 

In the next section behind t, there is a sudden falling in 
the height of the section. We must consider the " End- 
wulst'' as extending from c backwards to that section. 

j is three sections behind i. The groove is wider than in 
front, and in it, there is a small projection from the 
bottom — the anterior end of the yolk-plug. 

k is five sections behind j. The yolk-plug has gradually 
been enlarging from j backwards and in this section we 
see a distinct yolk-plug separated on each side by a groove 
from the epiblast which dips down to fuse with the mass 
below. This is substantially like Series I,/, and Series 
II, /, and shows conclusively that compared with those 
series, the yolk-phig has shifted its position to one some distance 
behind the posterior end of the medidlary canal^ the intervene 
ing space bettreen its original and present position being 
traversed in the median line by a groove on each side of ivhich 
the epiblast is proliferating cells to the subjacent mesoblast, 

I is four sections behind fc. The yolk-plug is lower and the 
groove on each side of it is shallower. 

m is six sections further back. The epiblast now stretches 
over the entire upper surface, but the backward continua- 
tion of the yolk-plug is still marked by a slight elevation 
(included between two stars in the figure) and is fused 
with the mesoblast at one point. After this section, the 
layers become independent. 

It is hardly necessary to point out that of the above sections, </, 
fc, and t, are very much like sections through the primitive streak of the 
verteh'ates in general. In fact I take the region represented by these three 
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sections to he the primitive streak of this embryo and the groove that appears 
like the posterior prolongation of the medullarg canal to be the primitive 
groove. The jmrnitive streak and groove therefore extend from the neuren- 
teric canal in front to the yolk-plug behind. At the posterior end, the 
groove is pushed apart, as it were, to allow the yolk-plug to 
peep oat on the surface. The mass formed by proliferation from 
the primitive streak is mostly taken into the thick knob, the " End- 
wulst.'' 

In this embryo, the yolk-plug extends over nearly sixteen 
sections. It seems to be longer in Clemmys than in the other two 
species. 

Series IV. 

(PI. IV.) 

Trionyx japoniciis. 

An embryo ivith 4 mesoblastic somites ; taken out 5^1 2 days after deposi- 
tion ; represented in Fig. 19 (PL III.) and also in Contrib. II. PL III. 
Figs. 17 & 17a. {i28a). 

In describing the surface changes, it was mentioned that Trionyx 
behaves somewhat differently from Clemmys and Chelonia in the back- 
ward movement of the yolk-plug, and that after passing through the 
stiige like Fig. 18 it becomes like Fig. 19, and the yolk-plug rests 
flat on the posterior end of the medullary chord. This series is com- 
posed of the selected transverse sections from the embryo represented 
in Fig. 19. 

a is from the hinder portion of the mid-dorsal region. 
The medullary canal is still open and its wall continuous 
with the epiblast. 

b is seven sections behind a. The chorda dorsalis is continu- 



Digitized by 



Google 



FATE OF BLASTOPORE, ETC., IN CHELOXIA. 43 

ous with the medullary chord above, with the mesoblast 
on the right (apparent left) side, and with the gut- 
hypoblast below. 

is four sections behind b and is the first in which the 
neurenteric canal is open below. On the dorsal surface 
of this canal is seen the section of the anterior termina- 
tion of the yolk-plug, which is independent of any adjacent 
structure. The section is slightly oblique : hence the 
asymmetry of the yolk-plug. 

is five sections behind c. The neurenteric canal is closing 
below. On the median line above, is a funnel-shaped 
depression and in it rests a triangular mass — the section 
of the yolk-plug. As karyokinetic figures seemed especi- 
ally numerous in this section, their places have been 
indicated. 

is two sections behind d. We are entirely out of the 
region of the medullary chord. There is a median 
groove that goes from above deep into the " Endwulst." 
We must regard this as the rudimentary primitive 
groove. The section of the yolk-plug rests like a wedge 
on the funnel-shaped upper part of this groove. 

is two sections behind e. There is no deep median groove 
in the " Endwulst," but the epiblast is still continuous 
with the mass below in the median line. The section of 
the yolk-plug rests in a depression of the surface. 

is the second section behind/. The yolk-plug is continu- 
ous on the right (the left of the figure) with the epiblast, 
while still marked by a groove on the left. The epiblast 
is continuous with the mesoblast below in the median 
line. 

is five sections behind g. The yolk-plug does not stand 
out prominently but its extent (comprised between two 
stars in the figure) is easily recognised by the peculiar 
arrangement of cells unlike that of the epiblast — 
the nuclei being packed without order. The lower face 
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of the epiblastic layer shows in this section a median 
indentation which goes upwards and the mass below 
seems to become directly continuous with the yolk-plug 
— an arrangement different from what obtiins in g. It 
would be reasonable to suppose that the primitive streak 
ends posteriorly at the point where the arrangement as in 
g (i.e., the fusion of the epiblast proper with the mass 
below) ceases and that the arrangement as in /i represents 
the yolk-plug standing up from below like Series I, / or 
Series III h The limit is very difficult to define, as we 
must consider all this as existing in a rudimentary condi- 
tion, but I should say it is present about two sections 
in front of li. 
i is the third section behind h. The epiblast is now entirely 
independent of the mesoblast, but there is still a faint 
median elevation (indicated by two stirs) which is the 
continuation of the yolk-plug. The mesoblast also sends 
up a median projection towards the epiblast. 

I think, it is easy to see from this series that the course 
of events is very much less primitive in Trionyx than in the other 
two species. 

Series V. 

(PL V.) 
Chelonia caouana. 

An embryo tvith 9 mesobhstic somites ; talcen out 9^J2 days after 
deposition, represented in Fig. 5 (PL 7.), 5a (PL IL) do 5b (PL I.) 

(Bll js) 

This is much older than any of the series above described and 
is one of the most important. The yolk-plug has now receded a 
considerable distance backwards. 
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is from the hinder portion of the dorsal region. The 

medullary canal is closed, 
is ten sections behind a. In passing from a to 6, the 
notochord and the medullary chord have gradually been 
fusing with each other, until in h the former looks merely 
like the thick ventral wall of the latter, although the 
irregular arrangement of cells reveals its nature, 
is four sections behind h. The noto-medullary chord is 
now connected w^th the gut-hypoblast and on the right 
(apparent left) side, with the mesoblast for a short extent, 
is two sections behind c. The section in front of this 
and therefore next to c is the first in which the neuren- 
teric canal is open below. The wall of the canal is 
continuous on either side with the gut-hypoblast, and with 
the mesoblast for a short stretch directly above its junction 
with the gut-hypoblast. The wall of the neurenteric 
canal is also just fusing with the epiblast above. 

is the section next behind cL It is like d in every respect 
except one, viz. : the epiblast is now distinctly con- 
tinuous on each side with that half of the wall of the 
neurenteric canal which is on its own side, and the canal 
is thus open above. This corresponds of course to that 
part in the surface view (Figs. 5 & 5b) where the 
medullary canal is open above. 

is two sections behind e and is from about the middle 
of the ventral opening of the neurenteric canal. It is 
in almost every respect like e, but is introduced to 
show that the breadth of the neurenteric canal is here 
considerably less than either in front or behind. A 
reference to the ventral surface-view (Fig. 5a) shows that 
the ventral opening of the neurenteric canal is dumb-bell 
shaped. 

is seven sections behind/. The ventral opening of the 
neurenteric canal is just beginning to close, while it is 
clearly open above. The wall of the neurenteric canal is 
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now continuous by its whole height with the mesoblast. 
Its connection with the epiblast above, and with the 
hypoblast below, remains the same as before. 

h is two sections behind g, and is the first section behind the 
closure of the ventral opening of the neurenteric canal. 
The canal is also just beginning to close above. This 
takes place a little below the surface of the epiblast, so 
that the latter layer is marked by a groove in the median 
line. 

i is three sections behind /i. It is the last section in which 
the posterior wall of the neurenteric canal is visible in 
section. The median superficial groove, i.«., the primitive 
groove, is well marked, and on each side of it the epiblast 
dips down to become continuous with the mass below. 
It may be pointed out here that the height of the sections, 
i,e., the distance between their dorsal and ventral surfaces 
in the median region, has been increasing from c back- 
wards and is greatest in h and i. A reference to the 
dorsal and ventral surface-views shows that there is a 
considerable thick mass, the " Endwulst," around the 
neurenteric canal. The height decreases again from this 
point. 

j is five sections behind z. The well-known characteristics 
of the vertebrate primitive streak are very distinct in this 
section. We must consider this as about the end of the 
" Endwulst." 

k is four sections behind j^ and shows all the points of a 
typical section through the vertebrate primitive streak. 
The height is considerably less than in j, t, or 7i. The 
groove is deeper. 

1 is four sections behind fc. The primitive groove has 
flattened out. There is now only a trough-like depres- 
sion over the epiblast, with the deepest point in the 
median line. Over this trough and without any relation 
to any adjacent structure there is an irregular granular 
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mass with a few nuclei. This is the anterior free point 
of the yolk- plug. The epiblast is also changed 
in character for a short extent in the median line, 
being more granular, with nuclei scattered irregularly. 
It is very difficult to decide whether there is any 
connection between the epiblast and the mesoblast in 
the section, but if it ia present, it is certainly very slight. 
On the whole, I consider that there is no such. 

m is five sections behind / and is the fourth of five similar 
sections through the yolk-plug. The latter rises up from 
below between what can be recognised as the lips of the 
epiblast. Its similarity to Series I., /, or Series III., fc, 
is so great that it is only necessary to call attention to it. 
The hypoblast is no longer a cellular layer in this section ; 
it consists of a protoplasmic network with yolk-spherules 
and nuclei imbedded in it. 

n is four sections behind in. In tracing the yolk-plug 
backwards from such a section as w?, we find it fusing 
laterally with the epiblast but its place can be identified, 
as it is coarsely granular and is also arched above, at first 
very distinctly, then gradually less and less. In this 
section, its place is indicated by two stars : it is already 
only slightly arched. The layers are independent. One 
or two sections behind, arching becomes hardly re- 
coofnisable. 



o 



In this Chelom'a embryo, the primitive streak stretches from the 
region of the nenrenteric canal to the yolk-plug. The primitive 
groove also begins at the posterior part of the medullary canal which 
is still open dorsally, and reaching over the entire length of the 
primitive streak, widens out at the posterior end to allow the yolk- 
plug to stick out between them. The yolk-plug is very distinct and 
unmistakable, but its posterior limit can not be fixed definitely. 
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Series VI. 

(PI. V.) 

Trionyx japonicus. 

An embryo tvith about 10 mesoblastic somites, taken out S^j-z days after 
deposition ; represented in Fig. 22 (PL III.) and similar to Contrib. II., 
PI III., Figs. 19 & 19a. (143 ©) 

a 18 from the hinder portion of the mid-dorsal region. 
The medullary chord shows the first sign of fusion with 
the noto-chord by the presence of two nuclei lying cross- 
wise in the boundary between the two chords. 

b is two sections behind a. The two chords have now 
fused with each other. 

C is thirteen sections behind b. The two chords, the hypo- 
blast, and the mesoblast of the right side are fusing with 
one another. 

d is two sections behind c and is the first in Avhich the 
neurenteric canal is oi)en below. The mesoblast of the 
left side is still independent, — due no doubt to the 
obliquity of the section. 

e is six sections behind d. The wall of the neurenteric 
canal is now fused with the mesoblast by its whole sides. 

f is next to e. The neurenteric cannl is just closed. Other- 
wise it is like e. 

g is three sections behind /. It is out of the region of 
the neurenteric canal. In the median dorsal line, 
the epiblast appe^irs to be connected with the mass 
below for a short space. There is no primitive groove 
in the median line. This corresponds to Series III., i, or 
to Series V., i. 

h is eight sections behind g. In passing from g to h, the 
" Endwulst " has been gradually diminishing, and in /i, is 
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no longer present. The primitive streak which is con- 
tinuous from g backwards is now decided and pronounced. 
On the right (apparent left) above the streak and resting 
on the epiblast is the anterior termination of the yolk- 
plug. It gradually thins out like the blade of a razor 
towards the left (apparent right). 

i is two sections behind h and is in the region of the 
yolk-plug. Resting on a trough-like depression of the 
epiblast in the median dorsal line is a triangular mass 
with a very broad base upwards. This is the yolk-plug. 
It is continuous directly with the mesoblast below and 
with the epiblast laterally. Although somewhat different 
in details, we nmst regard this section as corresponding 
to Series I., /, Series III., fc, and Series V., m. 

j is two sections behind t, and is nearly out of the region 
of the primitive streak and the yolk-plug. There is a 
slice of the latter on the left (apparent right) and there is 
still a slight connection between the epiblast and the 
mesoblast. The layers become independent after this. 

This series shows that although there is no primitive groove in 
TrionyXj the primitive streak is really present, as in Clemmys and 
Chelonia. 

Accompanying the above series of transverse sections is given 
a median longitudinal section of the posterior portion of an embryo 
(Smes VI. long^ PL V.) taken out at the same time from the 
same deposit as above. In this, I was able to recognise the yolk- 
plug, which is apt to elude us in longitudinal sections. The 
"Endwulst'' mass is shown to be tolerably well-marked at least 
posteriorly. The mesoblast on each side of the " Endwulst " in ^, /, 
and g of the transverse series goes also round the posterior end of the 
" Endwulst " and is thus visible in the longitudinal section behind 
that structure. The lines through this section indicate by the lettering 
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the planes corresponding to the transverse sections marked with the 
same letters in the above series. 



Series VII. 

(PL VI.) 
Trionijx japonicus. 

A Trionyx embryo, taken out 7^12 days after deposition, represented 
in Fig. 24 {PL II.), in general appearance very much like Figs. 22 or 23. 

(155 D). 

This, it may be remembered, is one of those embryos in which a 
most diligent search failed to reveal a yolk-plug (see p. 29). Only 
one section of this series is introduced here. 

a is from the region where the yolk-plug ought to be present. 
It will be seen to be essentially like Series VI., i ; except 
that the groove separating the yolk-plug from the epiblast 
on each side is not so distinct as in that section. This is 
undoubtedly the reason why I was unable to recognise the 
yolk- plug in the surface- view. We may, therefore say, I 
think, without much straining, that the yolk-plug or 
what corresponds to it is in reality present in this embryo 
as in those in which the yolk-plug is plainly visible on 
the surface. 

A study of the whole series shows that in that part which corres- 
ponds to Series VI, g, the epiblast has become already independent of 
the " Endwulst " mass below and that the primitive streak is found 
only in the hinder part beginning at the posterior limit of the 
" Endwulst." In this embryo, the rising of the tail swelling is also 
begun. Of this process, however more will be said in the sequel. 
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Series VIIL 

(PI. VL) 
Trionyx japonicus. 

A Trionyx embryo with about 13 mesoblastic smnites; taken out 
9^l2 days after deposition; represented in Figs. 25 (PL III.) & 25a 
(PL IL). (151 a) 

This is one of the embryos in which the tail-swelling is beginning 
to arise, as explained on p. 30. 

a is from the region slightly in front of the neurenteric 
canal. Not only is the medullary chord united with the 
notochord but the gut hypoblast also. 

b is eight sections behind a and is the sixth in which the 
neurenteric canal is open below. It is already near the 
posterior end of the ventral opening. The mesoblast is 
united on either side for a short stretch with the wall of 
the neurenteric canal. 

C is two sections behind b. The neurenteric canal has al- 
ready closed in the section next in front. The figure of 
the medullary chord is, however, still recognisable in the 
"Endwulst" mass as a median dorsal projection. The 
epiblast is specially thinned over this projection but already 
there is no connection between the two in Trionyx. 
On each side of the median projection, there is a large 
mass of cells which is sharply distinguished from the 
lateral part of the middle layer by a shoulder- like slope. 
This shoulder-like mass, together with the median pro- 
jection and the mass continuous with the gut-hypoblast 
below, form one compact central mass, which is sharply 
distinguished from the lateral parts. This is the 
" Endwulst," and corresponds to the innermost of the 
three concentric zones in the superficial view of the em- 
bryo (Fig. 25). It is this mass already risen up some- 
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what and destined to rise still more that is to form the 
tail-swelling. On comparing this section with 6, it is 
found that the shoulder-like mass in c corresponds to 
that part of the mesoblast in b which is marked off as 
the mesoblastic somites. The lateral plates of the meso- 
blast are therefore out of the area of elevation. 

d is nine sections behind c. The "Endwulst" mass is 
smaller than in c, but stands out more prominently and 
shows more distinctly that it is rising up. The lateral 
plates of the mesoblast are not included in the elevation and 
are left below. The foregoing section and this one show 
that the tail-sivelling is not prodiiced by folding, but by the 
growth upivards of the ^^EndvndsC mass. If it were produced 
by folding, the lateral plates, for one thing, ouglit to be near 
the dorsal surface of the "Endwulst" instejid of being 
down below, as in this section. But of this more in some 
of the following series. The epiblast is very much thick- 
ened outside of the " Endwulst.'' The middle of the 
three concentric zones of the superficial view, (Fig. 25), 
I believe, corresponds with this thickened zone of the 
epiblast. 

e is three sections behind d. The great thickness of the 
epiblast in this section is due to the fact that the thick 
wall of the epiblast such as is shown on each side of the 
tail-swelling in d goes entirely around its posterior end 
and this section just goes through this wall. Note that in 
all the sections in front of, and including, this, the epiblast 
is entirely independent of the layers below. A comparison 
with Series VI shows that the primitive streak, which ex- 
tended in an earlier stage over the " Endwulst " (VI, gf.), 
has now disappeared from that part. Of this, more anon. 

f is two sections behind e and is the second in which the epi- 
blast is united with the layers below it. 

g is two sections behind /. The coelem now runs nearly 
across, dividing the mesoblast into the parietal and vis- 
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ceral layers. / and i are through the region of the yolk- 
plug and that part included between the stars must be 
considered as a rudimentary form of the yolk-plug, like 
that in Series VI, i or Series VII, a. In gf, there is a 
very slight groove on each side. 

On tracing the series still further backwards, the trian- 
gular downward projection of the epiblast on each side 
becomes less and less, until the epiblast is of an uniform 
thickness across. The connection of the epiblast with the 
mesoblast is given up some sections before that. 



Series IX. 

(PL VIL) 

Chelonia caonana. 

A Chelonia embryo tvith about 16 mesoblastic somites; taken out 

10^12 days after deposition ; represented in Figs. 8 (PL I.) & 8a (PL IL) 

(B12 ^) 
This is one of the most important series. The tail-swelling is 
fully arisen, and the yolk-plug is very distinctly visible behind it, 
as a white mass. 

a iH from the posterior dorsal region and shows the first sign 
of the fusion of the notochord and the medullary chord 
by the presence of some spindle-shaped cells lying trans- 
versely at the boundary between the two chords. 

b is eight sections behind a. The notochord and the medul- 
lary chord are fused together. 

C is next behind b. The notochord shows division into two 
halves, and also is continuous with the gut-hypoblast. 

d is next behind c and is the first section in which the neu- 
renteric canal is open below. Note that the chorda- 
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" Anlage," although divided into two shows a distinct 
hemi'charda on each side. 

e is nine sections behind d. The neurenteric canal is just 
closing. The mesoblast is not distinctly separated from 
the wall of the neurenteric canal but is specially continu- 
ous with the chorda-^art of the neurenteric wall. 

f is next behind e. The neurenteric canal is now cleariy 
closed below. The mesoblast is fused with the wall of the 
canal along its whole height. 

g is four sections behind/. The dorsal median part of the 
section which has been more and more vaulting from 
a backwards is now clearly recognisable as the beginning 
of the tail-swelling. The continuation of the neurenteric 
canal is open above (this opening begins in the section 
next in front) and the epiblast is reflected dowmvards at 
the edge of the opening to become continuous with the mass 
beloiv. The wall of the neurenteric canal, although clearly 
recognisable as such by the arrangement of their cells, is 
amalgamated with the rest of the " Endwulst " mass. 

h is four sections behind g. It is behind the posterior wall 
of the neurenteric canal and shows the last vestiges of its 
wall. There is a median dorsal groove — the primitive 
groove — continued backwards from the dorsal opening 
of the neurenteric canal (g). At its lips, the epiblast 
is reflected downwards and becomes continuous with the 
mass below. 

i is three sections behind //. The tail-swelling is more and 
more distinctly recognisable as such, rising as a nearly 
separate body above the general surface of the blastoderm. 
The mass Avithin — the "Endwulst" — is compact and 
homogeneous ; it is united dorsally at the lips of the 
primitive groove with the epiblast on each side, and ven- 
trally by a rather broad stalk with the mass below. Note 
that the lateral plates of the mesoblast are below and do 
not take part in the formation of the tail-swelling. 
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j is two sections behind i. We are now near the posterior 
end of the bd I -swelling. The primitive groove is still 
present and at its edges the epiblast is reflected down- 
wards to become coiitinuous with the mass within. The 
latter is connected by a small string of cells with the 
mesoblast below in which there is now visible a line 
running across from side to side through its middle, 
dividing it into the parietal and visceral layers. 

k is next to ;. The posterior end of the tail-swelling is now 
reached. As that part is cut tangentially, it is very hard 
to distinguish the epiblast from the enclosed " Endwulst " 
mass. The upper part is undoubtedly the epiblast ; and 
the lower part, crowded with cells, has probably the two 
elements represented, although it is impossible to fix 
the limits. The primitive groove is distinct. Below the 
tail-swelling, the epiblast now goes entirely across from 
side to side. The tail-swelling, the epiblast, and the 
mesoblast seem to be united together in the median 
line. 

i is two sections behind fc. The very tip of the tail- 
swelling is cut tangentially. The fact that the tail 
appears as two masses is due to the circumstance 
that the primitive groove goes from the dorsal surface 
around the tip of the tail to the ventral surface, and 
this section has cut the groove longitudinally at the tip. 
The two masses consist evidently of the epiblast. The 
epiblast below the tail is very granular in the median 
line. I can not make myself sure whether this granular 
part is continuous with the mesoblast below or not. 
On the whole it seems to be not continuous. 

m is next to /. We are now clear of the tail-swelling, and 
in the region of the posterior tube of the amnion. Hence, 
there is only a clear tube without any structure enclosed 
in it. I can not be certain whether there is any connec- 
tion between the epiblast and the mesoblast in the 
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median line of the floor of the iX)sterior amniotic tube. 
They are suspiciously close at two |X)ints, so much so at 
one of them (marked by an arrow) that the layers can 
not be clearly distinguished. 
n is the third section behind m. The yolk-plug is distinct 
and unmistakable and projects out above the epi blast on 
the floor of the amniotic tube. Here is a connection 
between the yolk-plug and the mesoblast in the median 
line. The yolk-plug begins in the section next behind 
w, and is found in five sections including that one. 
n is therefore the third or the middle one of the five. 
For some sections after n, the median line of the epiblast 
is arched upwards, marking the posterior prolongation 
of the yolk-plug on the epiblast. Moreover, there seems 
to be a fusion, in the median line, of the epiblast with the 
two layers of the mesoblast, and thus the coelem does not 
go across from side to side, being interrupted by the 
median partition. 

Although the primitive streak can not be clearly made out in the 
region of I and in, I think, we may consider this as due to the 
fact that the whole structure is more or less rudimentary. The 
primitive streak and the primitive groove in this specimen may there- 
fore be considered to begin at the 
last part of the medullary canal 
(^), then to run backwards along the 
dorsal surface of the tail-swelling 
(jf-fe), around and down its posterior 
tip to the ventral surface (fc-/)) ^^^ 
then backwards along the median line 
of the epiblast below the tail-swelling 
(fe-m), until it reaches the yolk-plug 
at its posterior end (n). Diagram- 



Woodcut VII. 
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matically represented, the figure of the primitive streak and groove 
will be as in Woodcut VII. This is exactly like the figure of 
the blastopore which Sedgwick figures in his notes on the Elasmo- 
branch ('92, p. 564). The significance of this will be discussed 
later on. 



Series X. 

(PI. VIII.) 
Clemmys japonica. 

An embryo icith about 10 mesoblastic somites ; taken out 6^ J 2 days 
after deposition. (Lj. g). 

This embryo was taken out at the same time from the same deposit 
as that represented in Fig. 14, but it is greatly different from that 
figure in regard to the backward progress of the amnion. That mem- 
brane has not only extended over the entire embryo but produced itself 
backwards for a distance equal to about one-third of the length of the 
embryo as the posterior tube of the amnion, which remains very wide 
in this specimen, being hardly reduced in width compared with the 
part over the posterior part of the embryo. The ventral view of the 
embryo is very much like Fig. 5a : only the shape of the ventral 
opening of the neurenteric canal is spindle-shaped, instead of being 
dumb-bell shajDcd, as in that figure. 

This is considerably younger than the Chelonia embryo of Series 
IX. It and the next series are introduced mainly to illustrate the 
process of the upheaval of the tail-swelling. 

a is from the posterior part of the dorsal region. The 
medullary chord and the notochord show the first signs 
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of fusion, as evinced by spindle-shaped cells lying at the 
boundary of the two. 

b is eight sections behind a. The medullary chord, the 
notochord, and the hypoblast are united. The notochord 
shows a division into two halves. 

C is two sections behind b and is the first in which the 
neurenteric canal opens below. The two halves of the 
notochord, although separated, are recognisable as such. 
The mesoblast has united on each side with the chorda 
dorsalis. 

d is seven sections behind c and is the last in which the 
neurenteric canal is open below. The mesoblast has now 
united with the wall of the neurenteric canal along its 
whole height. 

e is two sections behind d. We are now in the " Endwulsf 
region. The posterior part of the neurenteric canal is 
still present. 

f is two sections behind e. The last vestiges of the neuren- 
teric canal is visible in the upper median part of the 
" Endwulst.*' 

g is three sections behind/. The "Eudvvulst" is simply a 
compact mass of indifferent cells. It is united with the 
lateral mesoblast by its whole height^ and with the hypo- 
blast below ; it is independent of the epiblast. 

h is five sections behind g. The " Endwulst " mass is 
smaller. It also projects upwards above the level of the 
lateral mesoblast. We must reo^ard this as the first siffn 
of the upheaval. 

i is three sections behind h. The median " Endwulst '' 
mass is still less than in /i. 

j is next to i. The epiblast which has hitherto been in- 
dependent, is now continuous with the last part of the 
'* Endwulst " and the mesoblast. That is, the primitive 
streak which began in Series III from the neurenteric 
canal, begins here in this series. 
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k is six sections behind j. There is a distinct median 
groove, at the lips of which the epiblast bends down to 
become continuous with the mesoblast. The groove 
begins in the second section after j and is already deep in 
the fourth section. 

i is five sections behind k. The groove is shallower and not 
so marked as in fc. 

m is seven sections behind l. The yolk-plug appears in the 
groove, first in the fourth section behind /. In this 
section, it is very well marked and unmistakable. 

n is five sections behind vi. The yolk-plug has gradually 
united with the epiblast on both sides, but its place is 
still marked by a slight arching upwards (indicated by 
two stars in ^the figure) and by the fact of its being 
united with the mesoblast below. After three or four 
sections, the connection of the epiblast with the mesoblast 
is lost, but the median elevation of the epiblast marking the 
postenor prolongation of the yolk-plug is to he seen in this 
series for thirty sections or more. 

Accompanying this series of transverse sections is given the 
median longitudinal section of another embryo taken out from the 
same deposit at the same time (Series X, long^ PL VIIL). It shows 
nothing not seen in the transverse series, and only serves as a check 
on it. The lines through this section show by their letters the levels 
of the transverse sections indicated by the same letters. 

In this Clemmtjs embryo, the sections show that the tail-swelling 
is not yet much raised. The primitive streak, which in earlier stages 
began from the posterior end of the medullary canal (Series III), has 
now disappeared from over the '* Endwulst," but behind this 
mass, there are the str«ik and the groove, with the yolk-plug at the 
posterior end. The posterior prolongation of the yolk-plug is very 
long, but of this more anon. 
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Series XI. 

(PI. IX.) 

Clemmys japonica. 

An embryo witli about 13 mesoblastic somites ; taken out 8 days after 
deposition ; like that represented in Fig. 15 (PL II.). (xxxxiii ®) 

The tail-swelling is very distinctly arisen. The posterior tube 
of the amnion is produced to a length about two-thirds that of the 
embryo proper. 

a is from the posterior dorsal region. The medullary chord 
and the notochord show the first sign of fusion by the 
presence of a few spindle-shaped cells at the boundary 
between the two. 

b is ten sections behind a. The medullary chord, the noto- 
chord, and the hypoblast are united together. 

C is two sections behind 6, and is the first in which the 
neurenteric canal is open below\ Two hemi-chordae are 
distinctly recognisable. 

d is five sections behind c. The posterior limit of the neu- 
renteric canal is reached and it is just closing. The 
mesoblast of both sides is united with the wall of the 
neurenteric canal. Note that, from a backwards, the 
dorsum of the sections is much more arched than in 
Series X. This is necessary in order to pass to the now 
elevated tail-swelling. 

6 is four sections behind d. The posterior part of the neu- 
renteric canal is still distinct. The middle portion of the 
section enclosing the " Endwulst '' is quite high. 

f is two sections behind e. The last vestiges of the wall of 
the neurenteric canal are present. 

g is next behind/. The ''Endwulst'' is now homogeneous, 
except for a crowding of cells in its middle caused by the 
very last vestiges of the wall of the neurenteric canal. 
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is four sections behind g. The tnil-swelling is now 
circumscribed by the epiblast all around, except on the 
ventral surface. The " Endwulst " mass within is now 
quite homogeneous and is continuous with the layers 
below only by a stalk which is, however, still rather 
broad. Note that^ in this as well as in the preceding anifoU 
lowing sections^ the lateral plates of the mesoblast do not take 
part in the taiUswelling and are left heloxv. 

is two sections behind h. The stalk of the " Endwulst'^ is 
now rather narrow. 

is three sections behind i and is nearing the posterior termi- 
nation of the tail-swelling. It is becoming difficult to 
distinguish the mass within from the epiblast — not be- 
cause there is not really a limit, but because the section 
cuts these parts somewhat obliquely near the rounded 
termination of the tail. A comparison with Series IX 
shows that, unlike Chelonia, the primitive streak 
and groove are early obliterated from the dorsal surface 
and the tip of the tail-swelling in Clemmys. The 
primitive streak below the tail-swelling seems to begin 
at about the level of this section. 

is two sections behind j. It has just scraped the 
tip of the tail-swelling. There is a distinct primitive 
streak in the epiblast below. The nuclei are arranged in 
two rows in the stalk that connects the epiblast and meso- 
blnst, and there is a distinct cavity between the two rows. 
I think, we may regard this as a very deep primitive 
groove which is closed above near the surface by the 
coalescence of the lips. 

is two sections behind k. We are now behind the tail- 
swelling, and in the posterior tube of the amnion. The 
primitive streak is distinct. Although the median part 
of the floor of the amniotic tube is elevated, I do not 
think it can be regarded t\s the yolk-plug which, I believe, 
is found further behind. 
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m is three sections behind /, and is very much like that 
section : only the floor of the posterior aniinotic tube is 
rather irregularly warped and the coelom has extended 
across from side to side, dividing the mesoblast into the 
parietal and the visceral layers. 

n is three sections behind in. 

is six sections behind ii. From the third section in front 
of (inclusive), a median knob begins to show itself on 
the floor of the posterior amniotic tube and assumes in 
one or two sections the shape represented in this one* 
There is a slight connection between it and the mesoblast* 
I believe we ought to regard this as the yolk-plug. The 
remarkable fact is that this elevation continues for seventy 
sections or more; in fact it extends a little beyond the ter- 
mination of the posterior amniotic tube and is visible in 
the surfiice-view as a white streak between the limbs of 
the horse-shoe sha[:>ed opening of that tube (Fig. 15). 
The elevation is, in the middle portion of the tube, even 
higher than in o, occupying almost the whole of the some- 
what small lumen of the tube, but becomes broad and flat^ 
as the tube flattens near the posterior end. The connec- 
tion with the mesoblast seems to be given up rather early^ 
although I can not make out exactly where it takes 
place. 

A comparative study of this and Series X throws light on 
the process of the formation of the tail-swelling. It is often stated in 
works on Embryology that the tail is formed by the tucking in of the 
blastoderm under what is going to be the tail, t.^., by a process of 
folding. Such is, however, not the case in Chelonia. In Series X, 
the tail-swelling is hardly marked, while it is fully formed in this 
series (XI). A comparison of this series e-j wdth Series X, e-i 
shows that a large mass which is not present in the latter series has 
been added to the dorsal surface of the sections in the former series, 
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and that the parts which are found in the sections of Series X are all 
confined to the lower part of the sections in Series XL This shows that 
the tail is formed hy a new elevation or upheaval and not by the 
tucking in of the blastoderm under something which previously existed. 
If the latter process had taken place, the parts found in the sections 
of Series X ought to be near the dorsal surface^ and not left far 
belowy in Series XI. A diagram will make this point clear. Let 
A B in Woodcut VIII represent the original level surface of the 
Woodcut VIII. blastoderm. Then the 

tail is not formed by 
tucking in as shown by 
the line CDE, but by the 
gradual elevation given 
by the lines FC, GC, 

Diagram to illustrate the formation of the tail. and HC. 

I wish to add a few words in regard to the median ridge on the 
floor of the posterior amniotic tube. Of the three species I have 
studied, Clemmys alone presents this feature. In Ghelonia and Trionyx, 
so far at least as I have examined them, the yolk-plug stops always 
within reasonable distance. But it seems to be a characteristic of Clem- 
mys that what appears to be the posterior prolongation of the yolk-plug 
attains such a length as that described in this Series (o). I am unable 
to see its exact significance, but it seems reasonable to suppose that it has 
arisen with some relation to the yolk-plug. Mehnert ('95) has seen it 
in Emys lutaria taurica (Taf. X. Fig. 26) and gives an entirely difl^erent 
explanation of the structure. From what has been stated above it will 
not be surprising that I find myself unable to accept his views.* 




* In passing, I may remark that I liave never found in the species I have examined any 
fltracture which I can identify with, or can consider as reEembling, Mehnebt's " retroembryonal 
Ectoderm diverticalum." 
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Series XII. 

(PI. VL) 
Trionyx japonicus. 

An embryo toith about 15 mcsoblastic somites ; taken out 10^12 days 
after deposition ; represented in Figs. 26 (PL III.) and 26a (PI. II.). 

In this embryo, not only is the tail-swelling already well 
developed but the allantois has made considerable progress in 
development. 

a is in front of the anterior end of the neurenteric canal. 

The medullary chord, the notochord, and the hypoblast 

are already united together. 
b is three sections behind a and is the second section in 

which the neurenteric canal is open below. The meso- 

blast is united with the wall of the neurenteric canal for a 

short extent 
C is five sections behind b and is the first in which the 

neurenteric canal is closed below. The wall of the canal 

is still recognisable, although united with the mesoblast 

along its whole height. 
d is five sections behind c. There is still a trace of the wall 

of the neurenteric canal in the most dorsal part of the 

" Endwulst." There is a bay in the hypoblast. 
e is two sections behind d. The " Endwulst " mass is 

divided into two masses, an upper and lower. The 

upper is the tail itself and the lower the allantoic mass. 

In the latter, there is a deep bay from the enteron below. 
f is two sections behind e and is very much like that section, 

but the allantoic bay is now cut off from the enteron 

below. Note that in c-/, the lateral plates are below 

and not included in the tail-swelling. 
g is two sections behind /. The upper mass of the " End- 
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wulst '' is now circumscribed entirely by the epiblast and 
forms the tail. The lower allantoic mass lies almost free 
in the lower part. The coelem goes across from side to 
side. 

h is two sections behind g. The tip of the tail is just 
scraped. The lower mass, which is the continuation of 
the allantoic wall, is now changed to the stalk that 
connects the epiblast below the tail with the mesoblast. 
This is comparable to Series XI, ^* or fc. (PL IX.). 

i is two sections behind h and takes in the groove surround- 
ing the tail ; hence the primitive streak is cut more or 
less obliquely and longitudinally. (Cf the surface view 
Fig. 26). 

j is next to i. We recognise in the median line the mush- 
room-like yolk-plug visible in the surface view. Unlike 
Clemmys (Series X and XI), the yolk-plug is recognisable 
only in three or four sections. 
Accompanying this is the longitudinal section {Series XIIj long.^ 
PI. VIII.) which will make the relations of different parts clearer. 



Series XIII. 

(PI X.) 

Chelonia caouana. 

An embryo toith about 18-19 mesoblastic somites ; taken out IP 1 2 days 
after deposition ; in general appearance very much like the Clemmtjs embryo 
given in Fig. 15 (PL II.). (Bisp) 

In this embryo, the tail has much elongated and the allantois 
has grown somewhat. This is the most advanced stage in which I 
have been able to recognise the remnant of the yolk-plug distinctly. 

a is from the posterior dorsal region. 

b is four sections behind a. The medullary chord and the 
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notochord show signs of fusion by the presence of some 
spindle-shaped cells in the boundary between the two. 

C is two sections behind b. The enteron, though still open, 
is narrowing. The medullary chord and the notochord 
are now nearly fused. 

d is next to c. The enteron is; closed below, and shows a 
partial division into the upper enteron proper and the 
lower allantoic cavity. 

6 is next to d. The division is now complete. 

f is next to e. The cavity has disappeared from the allan- 
toic. 

g is next to /. The noto-medullary-chord shows signs of 
fusion with the wall of the enteron. The mesoblast on 
each side of the enteron is fused with the posterior con- 
tinuation of the allantoic mass. The coelom has gone 
across. 

h is two sections behind g and is very much like that 
section. Only the epiblast has nearly encircled the tail 
which is unenclosed only in the ventral median line. 

i is two sections behind h. The tail is now entirely en- 
circled by the epiblast and lies free in the amniotic 
tube. At the point where the epiblast of two sides met 
last in the median ventral line of the tail, the epiblast is 
fused with the mass within. This is evidently a part of 
the primitive streak. The cavities of the enteron and the 
medullary chord are united as the neurenteric canal. 
The lower part of the enteric wall is fused with the in- 
different cell-mass. In the amniotic tube surrounding 
the tail, the epiblast is clear all around of the mesoblast 
lining it, and thus there is no primitive streak here. 

j is three sections behind i. The enteron has become lost in 
the indifferent cell-mass and only the medullary chord is 
still persistent, although the lower part of its wall is al- 
ready fused with the indifferent blastema. The primitive 
streak is still present in the ventral median line of the tail. 
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k is seven sections behind j. The mass within the fciil 
shows some sh'ght trace of the medullary chord in its 
upper dorsal part. The primitive streak is still persistent, 
although it is not as distinct as in front. This is the 
Jjist section in which the primitive streak is visible. 

I is next to fc. The tail now consists, only of the indifferent 
cell-mass surrounded by the epiblast on the outside. 

There are five sections behind I in which the tail is 
visible, although gradually reduced in circumference. 

In the fourth section behind I there is a structure standing up 
from the floor of the posterior amniotic tube which is figured in Series 
XIII m (PI. X.). This is so similar in appearance and position to the 
yolk-plug observed in earlier stages that we must conclude that here we 
observe its remnants. This is found in six sections, in three of which 
it is quite prominent. The one figured is the second of the three 
prominent sections and the second of the six. This is the last stage 
in which I was able to detect the yolk-plug in sections. 

Of the primitive streak which was pre^sent in earlier stage (Series 
IX and Woodcut VII), only a small portion in the ventral median line 

in the anterior part of the tail remains 
at this stage. The formation of the 
tail by upheaval easily explains the 
presence of a part of the primitive streak 
in the ventral median line. If Wood- 
cut VII (p. 56) represents the extent 
of the primitive streak at the stjige of 
Series IX, we may consider Woodcut 
IX as representing the state of things 
in the present series. The dotted part 
has disappeared and only the part given in the full line, together with 
the yolk-plug, now remaius. The proctoda5um seems to be formed 
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in the part of the primitive streak which persists, as will be seen in 
the next series. 

In the elongation of the tail, various structures arc developed in 
situ from the indifferent " Endwulst " cell-mass. Of these, the medul- 
lary chord is formed first (j), and then the enteron and the noto- 
chord are differentiated (./-t), although the lowest part of the enteron 
is fused with the indifferent tissue for some time after the rest has Ijeen 
formed. The mesoblast is also formed from the indifferent tissue. 

Series XIV. 

(PL XL) 

Chelonia camuina. 

A iiuiie advanced embryo taken out 16 days after deposition ; with 
jive gill-slits all formed, with th^ cranial flexure well marked, tvith the eyes 
and ears already quite advanced, and with the appendayes present as knobs. 
About the stage of Figs. 11 and 11a, Contrib. IT. The allantois appears 
in tlu body cavity as a small vesicle. (^7a) 

This series is introduced to show the relations of different i)arts 
in the posterior part of an advanced embryo, and to show the form- 
ation of the proctoda3um. 

a is from the posterior dorsal region. The allantois is sepa- 
rate from the embryo proper. 

b is three sections behind a. The allantoic mass hjis united 
with the body proper on the left side. 

is four sections behind b, which it very much resembles. 

d is seven sections behind c. The allantoic mass is now 
united with the body proper on both sides. The allantoic 
cavity is gradually approaching the enteron. 

e is three sections behind d. The epiblnst is gradually 
enclosing the body proper. 
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r is four sections behind e. The enclosure has gone one step 
further. 

g is two sections behind /. The enclosure is now complete, 
but the epiblast is still continuous with the epiblust of the 
extra-embryonic blastoderm. The eynblast is thick at 
this point of reflection. 

h is two sections behind (j. The enteron has now united 
with the allantoic cavity. 

i is two sections behind h. The connection of the epiblast at 
the ventral median line is now^ cut and the tail lies 
entirely free in the amniotic cavity. 

j is seven sections behind i. It is in the region of the cloacju 
The Wolffian ducts empty into the cloaca in this and 
next section. 

k is next to j. The ventral median part of the tail is given 
on a larger scale in Ser. XIV fc'. on the same plate. The 
three layers are distinctly separate. 

I is eight sections behind fc. The ventral median part of the 
tail is ao^ain «:iven on a laro^er scale in Ser. XIV /' on the 
same plate. Here the wall of the enteron is distinctly 
united with the epiblast, and there can not be much doubt 
that this is the proctodccum. Note how the two cell-layers 
of the epiblast behave in this section. The section in 
front of, and the two sections behind, / are like /, and the 
proctodoBum extends thus over four sections, but for some 
five sections further forwards the epiblast shows some 
thickening in the ventral median line which is the 
grejiter, the nearer to the proctodacum. Behind, the connec- 
tion of the epiblast with the enteric wall is loosened at the 
third section behind L 

m is six sections behind L The enteron is contracted very 
much immediately after the level of the proctodaeum. In 
this, only the upper part has a lumen. 

n is two sections behind in. The enteron is now reduced to 
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a few cells. The two sections followinj^ n show similar 
groups of enteric cells. 

is the fourth section behind w. There is no trace whatever 
of the enteron in this. For thirteen sections, this condition 
continues ; then just for two sections, viz., on the four- 
teenth and fifteenth sections behind o, of which — 

p represents the latter, there is a group of a few cells which 
from their position and manner of deeper staining can be 
nothing else than hypoblast cells. The cell-string again 
disappears for seven sections. Then, on — 

q the eighth section behind p, the cell-group again appears 
and this time is continued to the end of the tail, gradually 
enlarging in size as the following sections show.* 

r is twenty-three sections behind q. The hypoblast string is 
slightly larger than in q. The upper part of the mesoblast 
shows an arrangement like the mesoblastic somites but is 
merged below with the indifferent mass, without any 
limitation. 

S is eleven sections behind r. The hypoblast string is larger. 

t is fourteen sections behind s. The hypoblast mass is now 
quite large and there is a lumen in its upper part. The 
mesoblast has largely acquired the epithelial arnmgement, 
but there is still a part below where stellate cells are seattered. 

U is nine sections behind t. In this section, there is no 
longer any stellate cells below. The enteron is not 
painted black from this section on. 

V is two sections behind w. The notochord and enteron 
have united, as also the enteron and mesobhist below: 

W is the third section behind v. The medullary canal, the 
notochord, and the enteron are now united and a narrow 
slit running through the middle of the first two empties 
into the relatively large enteric lumen. This can be no 
other than the neurenteric canal. The enteron is imited 
below with tne mesoblast. 

* 'J'he scale of enlargement differs from this section onward. 
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X is two sections behind w. All the parts enclosed within 
tlie epiblast of the tail are now united, but a peculiar 
lobe-like projection on the dorsal side indicates where the 
medullary canal ought to be, and the two slits mark 
the boundary between the mesoblast and hypoblast. 

y is two sections behind x. The mass within the tail would 
be circular in outline but for a projection on the dorsal 
side. 

Z is two sections behind y. The mass within now consists 
entirely of an indiiferent tissue, without any sign of 
differentiation into part-s. 

This series shows that the proctodaeum is formed within the 
limits of the primitive streak, namely, in that part which runs from 
the tip of the tuil forward to the stalk of the embryo. 

The enteron behind the proctodaeum rapidly narrows and is soon 
reduced to a string of cells (n) ; nevertheless it is continued to the 
tjiil end, with two intermptions, however^ in this embryo (at o, and behind 
p). It would be reasonable to suppose that at an earlier stage, the 
hypoblast string suffered no interruption. 

If we go gradually from z forwards, we see in what order the 
different parts are differentiated from the indifferent cell-mass within 
the tail, as thc^ latter elongates behind. 

C. SUMMARY OF THE FOREGOING FACTS. 

From the account given above, it is evident that the mass which 
I have allied the yolk-plug undergoes a series of very complex 
changes. Neither the view of Will *, that it disappears from the 
surface when the blastopore lips close around it, nor that of Mehnert, 
that it finally fuses laterally with the hindmost part of the medul- 

* Which I accepted in Contrib. IV. 
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liiry folds and forms in the development of the tail its extreme tip, is 
tenable. It might l)e said i)erhaps that the yolk-])lug may behave 
ditferently in different s[)ecies. l>nt I have worked its history out 
in three s[)ecies, and it seems incredible to me that in any s[K^cies it 
will undergo modificiitions that seem to have no genetic relation 
with tliose I have sketched out above. 

It niJiy not be out of place to sinnmarise here the facts given in 
the precediijg pages, and to give a partial discussion of them. The 
consideration of their theoretical significance I shall reserve for the 
next section. 

At the very earliest stage of develo|)ment, there is in the |)osterior 
[)art of the embryonic sliield an area in which the primary layers are 
not differentiated — the primitive [)late or knob. When the process 
of gastrulation begins, it takes place within this area. When this 
h:is occurred, all tliat part of the primitive knob in front of the 
blastopore is found to have differentiated itself into the epiblast and 
the primary hypoblast — the^e two layers l)eing reflected into each other 
at the anterior lip of tlie bhistopore. Behind the blastopore, however, 
there is still an area in which the layers are fused and over which the 
epiblnst has not therefore spread itself. By the gradual change of 
shaixi in the blastopore (see Woodcut V), this posterior part is 
gradually henmied in, and becomes surrounded, by the anterior lip 
of tlie blastopore. Thus, at a certidn stage (Figs. 1 & la), the blasto- 
IK)re has assumed the horse-shoe shape and the posterior fused mass, 
free from the epiblast, is enclosed within the horse-shoe. This mass 
stands up, as it has always done, from the floor of the invaginated 
archenteron (or the blastoporic passage, when the archenteron has 
broken through below ; see Contrib. I V). This is the mass which 
we have called the yolk-plug. Its relations to the germinal layers 
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may he gathered from the accompanying diagramn. Woodcut X, A 



Woodcul X. 



A 

X 





Yk. Fluff. 



Dia{;raiii8 showing three successive 
stages in the development of the 
posterior part of the embryo. 



gives the surface diagram and the line of origin of the gastral and 
peristomal mesoblast. The transvei'se section through the line A B in 
that diagram is given in Series I,/, and diagrammatically in Woodcut 
XI, D. The groove between the yolk-i)lug and the outer lip of the 
blastopore should ideally go into the midst of the mesoblast, dividing 
it into the parietal and visceral layers, and in some sections it docs 
actually go much further into the mesol)last than in Series I,/. The 
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longitudinal section through the line X-Y (Woodcut X, A) is given 
in Woodcut XI, E. Actual sections have been figured several times 
in Contributions /, J/7, and IV. I have never seen a groove behind the 
yolk-plug, between it and the epiblast, but I believe that this is due to 
the rudimentary condition of the parts just here and that, theoretical- 
ly, the section should be as in Woodcut XI, F. Thus, the peristomal 






E 



YLPlng 



Me$o. 




mesoblast is proliferated partly from the cell-mass in question and 
partly from the epiblast, in the shape of an open fan from all around 
the yolk-plug except the anterior edge. At the edge of the anterior 
transverse part of the blastopore, the peristomal mesoblast is continued 
into the gastral mesoblast, for the details of whose origin the reader is 
referred to Contributions J, and III. 

When the medullary folds arise and reach the posterior part of 
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the embryonic shield, they embrace the yolk-plug between their 
posterior ends as in a vice, and compress it laterally, thus lifting it 
up to the level of their dorsal surface (Figs. 2, 9, 17, and 18). The 
yolk-plug meanwhile keeps its own independence. 

The yolk -plug now apparently recedes^ leaving in its track a 
groove from which the cells are proliferated. I have hitherto given 
only the objective description of this process, and have not discussed 
the nature of this apparent receding. I may now state that I believe 
this is caused by the active proliferation of cells from the lateral 
blastopoi'e lipSj while pressing to meet each othei' in the median line. As 
cells proliferated from the lips accummulate, they form a mass which 
necessarily pushes the yolk-plug backwards. This pushing goes on 
until the yolk-plug is placed at about the edge of the embryonic area. 
The edges of the groove (or track, as I have called it, left in the wake 
of the yolk-plug) must therefore be considered the lateral blastopore 
lips. Woodcut X, A^ JB, G will make this clear. A is the stage in 
which the yolk-plug has not yet begun its backward movement ; in 
B, it has moved some distance and, in C it has reached its final 
position. In the last stage, the blastopore therefore consists of three 
parts : — 

(1) the dorsal opening of the neurenteric canal. 

(2) the groove between (1) and (3). 

(3) the groove around the yolk-plug in its final position. 

With regard to the first of these three parts, the dmsal opening of the 
neurenteric canal (transformed from the blastoporic passage, which, 
in its turn, is directly derived from the posterior part of the archenteron) 
must of necessity be considered as a part of the blastopore, but it would 
be difficult in actuality to point out exactly where the dmsal opening 
lies, as it is merged beyond recognition in the posterior part of the 
medullary canal, though that it is there, is a matter of course. By most 
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writers, the neurenteric canal itself is included with the blastopore, 
but this is a part of the original archenteron, and we must consider its 
dorsal opening alone as a part of the bhistopore. It is highly significant 
that in such an advanced stage as that represented by Series IX or Fig. 
8, the hindmost part of the neurenteric canal is open dorsally 
{sect, g) and becomes continuous with the groove which forms the 
second part of the blastopore. Of this second part, there is nothing 
si)ecial to say, since it so plainly is a part of the blastopore. In the 
third part, the groove is found only around the anterior part of 
the circumference of the yolk-plug, and I have never seen any visible 
posterior boundary. This absence I believe, is due to the yolk-plug 
being a rudimentary structure. 

The line of cell -proliferation from the bhistopore lips I have 
called the primitive streaky and the groove lying on it in the median 
line, the primitive groove. 

In Chelonia and Clemniys, the blastopore lips do not become 
fused ; hence the primitive groove is distinct. In Trionyx^ the groove 
is not present, but proliferation takes place all the same along the line 
where the groove ought to be 

The anterior half of the primitive streak is much thicker than 
the posterior half and gives rise to the mass known as the " End- 
ivulsty The posterior part remains thin to the end. The former 
corresponds to the " vorderer dicker Theil {ps. 7.),*' and the latter to 
the "hinterer, diinner Theil {ps. Il.y of Gasser (*78).* The 
anterior thick part rises as the tail'Swelling. This is formed by the 
addition of the new cell-mass on the dorsal surface, in other words by 
upheaval or elevation and not by folding (Series X and XI). The 
lateral plates of the mesoblast do not take part in this upheaval. 

* It is a great pleasure to find inj results agreeing in many points with the beautiful and 
accurate description by this author. 



Digitized by 



Google 



FATE OF BLASTOPORE. ETC., IN CHELONIA. 77 

As the tail i« formed by the rising of the anterior thicker half of 
the primitive streak, the primitive streak and groove naturally cross 
the posterior boundary of the tail at right angles (Woodcut X, C). 
They should also of necessity be found over the dorsal median line 
of the tail, and, when the latter attains some height, around its 
tip on to the ventral median line, and then be continued to the 
thinner part of the primitive streak outside the embryo proper until 
they rejich the yolk-plug. They are thus 8-*^bj^p^- Such a condition 
is actually seen in Chelonia up to quite u late stage (Series IX). In 
Clemmys, the anterior part of the primitive streak and groove over the 
tail-swelling disappears rather early (Figs. 12, 13 & Series X, XI). 
In Triofiyx^ the primitive groove does not exist at all from the first, and 
the streak also disappears quite early from the tail part (Series VIII). 

In the tail which lengthens itself backwards, the formation of the 
different parts of the embryo proceeds backwards, i. e.j the medullary 
chord, the notochord, the enteron, and the mesoblast are differentiated 
in situ in the tissue surrounded by the epiblast. As this is derived from 
the " Endwulst,'* we can not regard the latter solely as the mesoblast 
but as something sui generis. 

The allantois is formed on the ventral surface of the " Endwulst " 
mass : hence its stalk is continuous with that uuiss. 

The primitive streak finally disapi^eiU's entirely by the separation 
of the layers, with the exception of a short stretch on the ventral 
surfiice of the tail. The proctodseum is formed at this point. 

The yolk-plug, at the latest stjige observed, stands out as an ap- 
pendage of the epiblast (Series XIII). Probably it persists to a late 
stage as a rudimentary useless structure. In Clemmys, it is elongated 
posteriorly and forms on the floor of the posterior aminotic tube, a pro- 
minent ridge, the significance of which is not clear (Fig. 15 and 
Series XI). 
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In the three species studied the blastoporic piisssige once formed 
is not closed and opened again, as affirmed by Mehnert ('91) and 
Will ( 92 & 93) for Eiuj/s, FlaUjdachylus^ and Cistndo. It becomes 
directly transformed into the neurenteric canal. 

Of the surface views given, Figs. 1-8 belong to Chelonia caouana^ 
Figs. 9-15 to Cleninujs japonica and Figs. 16-26 t>o Trioni/x japonicus. 
The following table shows to which species different series of sections 
belong : — 



Chelonia 


CMuana. 


Clentinyg jufhmica. 


Triontjx japonieut. 


Series 


I 


Series III 


Seriea 


II 


?i 


V 


,, X 




IV 


•1 


IX 


„ XI 




VI 


5J 


XIII 






VII 


?? 


XIV 






VIII 
XII 



If the reader will take the trouble to orlance over these fiorures and 
series, he will, I think, justify the conclusion that the course of changes 
as depicted in the preceding pages has been preserved most plainly in 
Chelonia caouana^ somewhat less so in Clemmys japonica^ and is most 
abbreviated in Tnomjx japmiicm. 

As to what light, if any, the developmental changes here brought 
out throw on the question of the growth in length of the em- 
bryo, 1 may say that so far as the exjimi nation of nm^mal embryos 
shows, there is nothing to indicate that the anterior part of the embryo 
is formed by concrescence and not by intussusception. In the pos- 
terior part i.e.y in the part formed from the ** Endwulst," the story is, 
however, plain, the formation of that part of the embryo by the 
coalescence of the blastopore lips being clearly pointed out. I shall 



Digitized by 



Google 



FATE OF BLASTOPORE. ETC., IN CHELOXIA. 79 

not go into this question further on the present occasion, as I am 
engaged with cerbiin experiment'il investigations on the subject, a 
preliminary account of which ought soon to appear in the Anatoinischer 
Anzeiger* 

III. THEORETICAL CONSIDERATIONS. 

I have thus far used the names, the primitive streaky the primitive 
groove^ the yolk-plug^ etc., more for the sjike of brevity, and have not 
yet examined in detail the nature of the respective structures to which 
these names have been applied in the foregoing pages. This I propose 
to do in this section by comparing the course of events, which I hope, 
the present investigation has fully established for the group of 
Chelonia, with what takes place in other groups of Vertebrata. 

For this purpose, I take up first — 

THE ELASMOBRANCHII. 

Thanks to the recent works of Schwarz ('89), Sedgwick ('92) 
and the Zieglers (*92), not to mention the older and classical 
memoirs of Balfour and others, a great deal of light has been thrown 
on the development of the posterior part of the embryo in this group. 
As what takes place in the Elasmobranchs serves as a sort of key in 
explaining the course of changes in Chelonia, it is necessary that the 
salient points of development in the first group should be given here. 
I quote fi-eely from Sedgwick (p. 559 et seq.) : — 

" As is well known, the blastoderm attains a certain size before 
any trace of the embryo is visible, sprejiding by a uniform growth at 

* Sincd appeared in Anatomi$cliei' Anzeiger, Xr. 13, XI Bd. 
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all points of its circumference over the yolk. At Balfour's stage A, 
however, the first trace of the embyo appears as a slight thickening 
at one point of the circumference of the blastoderm. This point is 
usually regarded as the hind end of the blastoderm. This is not 
quite correct, for it really becomes the front end of the future embryo. 
After the appearance of the embryonic rim the blastoderm still con- 
tinues to spread over the yolk by a uniform growth of all parts of its 
circumference, but in the centre of the embryonic rim a slight 
indentation appears. This indentation shares in the uniform growth 
of the blastoderm edge, and advances over the yolk equally with the 
rest of the embryonic rim and general edge of the blastoderm. As the 
embryonic rim travels away from the point of its first appearance, the 
surface of the blastoderm so formed — that is to say, the surface of the 
part of the blastoderm extending between the point of first appearance 
of the embryonic rim and the embryonic rim at any given moment 
of its growth — is slightly elevated from the rest of the blastoderm, 
and traversed by an inconspicuous longitudinal median groove. This 
raised part of the blastoderm soon becomes marked oflF by two ridges, 
which in front, i.e. at the point which marks the site of the first 
appearance of the embryonic rim, are continuous with one another, 
while behind they are continuous with the parts of the embryonic rim 
which bound the indentation. These portions of the embryonic rim 
are more markedly swollen than the rest, and form the ' tail 
swellings ' of I^alfour. This elevated part of the blastoderm is the 
medullary plate, and the shallow groove traversing it marks the line 
of growth of the indentation above referred to. These points are all 
illustrated by my fig. 1,* which represents the embryo at a stage 
where the indented rim has grown back a considerable distance from 
the point of its first appearance. * ♦ * ♦ 

• See the two figures copied from Sedgwick on PI. VII. 
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" It must be clearly understood that the growth of the whole 
edore of the blastoderm has so fer been a uniform one. The indenta- 
tion in the embryonic rim advances equally (after its first establish- 
ment) with the more prominent parts of the embryonic rim called the 
caudal swellings. * ♦ ♦ ♦ 

" After a certain time the caudal swellings and the part between 
them begin to grow more rapidly than the adjacent portions of the 
edge of the blastoderm and come to project beyond the latter like a 
kind of tongue overhanging the yolk (Fig. 2*). * ♦ ♦ 

" I now wish the reader to concentrate his attention upon the 
projecting tongue which will form the under part of the embryo. * * 

" * * * — the sides of the projecting tongue become bent 
ventralwards and towards each other until they meet or nearly meet 
in the ventral middle line. Now two important structural results, 
which should be noted and understood follow from this bending : (i) 
the two angles formed by the junction of the edge of the blastoderm 
in the embryonic region with the edge of the blastoderm in the 
non-embryonic region —the angles, one of which is marked a in fig. 
2,* become closely approximated ventrally beneath the embryo ; and 
{it) a space is enclosed on the ventral side of the embryo, which space 
is lined by endoderm, and opens ventrally to the exterior through a 
slit formed by the contact of the ventrally bent edges of the tongue, 
and dorsally into the neural canal by the slit in the medullary plate. 
This space is the hind gut, and the tw^o slits which are continuous 
with one another round the hind end of the embryo are portions of 
the blastopore. By the time that the two angles marked a and the 
edges of the embryonic pjirt of the blastoderm have come into contact 
ventrally, the non-embryonic edge of the blastoderm adjacent to the 
embryo have grown backwards over the yolk to form the bay 

• See the figures copied from Sbdowick on PI. VIT. 
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mentioned by Balfour. The two sides of this ba}^ which it will be 
remembered are portions of the edges of the blastoderm, come to lie 
close together on the yolk beneath the tiiil of the embryo. For a 
little time they remain unfused, and the yolk is still freely exposed 
between them in a linear streak.* This slit, which is bounded by 
the edges of the non-embryonic part of the blastoderm of the two 
sides, is a part of the blastopore, and is continuous, passing along the 
hinder side of what will be the umbilical stalk, with the portion of 
the blastopore leading into the hind gut and extending along the 
ventral side of the tail. This last portion is * * ♦ continuous 
with a dorsal portion which leads through the medullary ])late into 
the medullary canal. 

" The last part of the blastopore to be mentioned is the so-called 
yolk- blastopore, described by Balfour in the ' Elasmobranch Fishes ' 
p. 81 (Mem. Edition, vol. iii, p. 296), and in the ' Comparative 
Embryology,' 1st ed., ch. iii, p. 52. The lips of this portion are 
continuous with the lips last mentioned as running back on the yolk 
parallel to one another and ventral to the tail of the embryo. 

" To recapitulate : the blastopore of Elasmobranchii is at the 
present stage — i.e. the stage immediately before closing — an elongated 
narrow slit, slightly dilated in front, where it lies on the floor of the 
medullary canal (Fig. 3) and more dilated behind (Balfour's yolk- 
blastopore, ' Comparative Embryology, vol. ii, ch. iii, Fig. 30b). 
Between these two limits it takes the course of a reversed letter S, as 
shown in the adjoining woodcut,f where it^ lips are represented 
unfused. 

" The anterior part, a fc, perforates the floor of the medullary 
canal, and is dorsal; this is continuous round the end of the tail, 

• See ScHWABz's Fig. 16. or Ziegler Fig. 24, 1. 
t See Woodcut XTT on the next page. 
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Woodcut XII. 




Woodcut XIII. 



b c, with a ventral part, which extends forwards along the ventml 

side of the tail, c d, as far as the yolk- 
stjilk, along which it passes, d e, to continue 
backwards along the yoJk, ej\ jis the slit- 
like non-embryonic part of the blastopore, 
which passes behind into the more dilated 
and posterior part of the so-called yolk- 
blastopore. 
" Shortly after this stage the blastopore completely closes, 

excepting one point in its dorsal portion, which persists for some 

time as the neurenteric canal." 

Thus far Sedgwick. To make the relations brought out by him 
still clearer, I give here a diagrammatic 
figure (Woodcut XIII) constructed by my- 
self from Ziegler's figures and representing 
X y^ 1 the yolk as already covered by the blasto- 

^*-j^ / derm excepting a small area csiUed by ^ 

Balfour the yolk-blastopore. The blasto- 
pore is indicated by a curved line extending 
from a to jf, and has its different parts 
marked by the same letters as in the figure 
above given of Sedgwick. That is, a is 
the neurenteric canal, a fe is along the dorsal 
surface of the tail, b c around the tail end, 
c d along the median ventral line, d e down 

the yolk-stalk, e f the coalesced edges of the non-embryonic part 

of the blastopore, and finally the circular opening, jf, exposing the 

yolk on the surface. 

I must now ask the I'eader to compare the course of changes 

recounted above as taking place in the Elasmobranchs with that I 





Diagram of an Elaemobranch 
embryo. 
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have brought out, in the course of the present article, for the group of 
Cheloiiia. The similarities are so striking and obvious that it seems 
hardly necessary to point them out. Let us take the Chelonia embryo 
represented in Figs. 8, 8a, and Series IX. There is the tail swelling 
enclosing within it an indiiFerent cellular mass in which all the layers 
are fused. The medullary chord ends posteriorly in this mass. The 
medullary cannl therefore ends jiist in front of this mass and is at this 
point connected with the enteron by the neurenteric canal into which 
the posterior half of the original archenteron has been transformed 
(see Woodcut IV ; also cf. Cantrib. /f ). The hindmost end of 
the medullary canal or the neurenteric canal is still open dorsally, 
and from this o|)eninof there arises a median strejik which is marked 
for the most part by a groove lying on it, and along which the epiblast 
is proliferating cells to the indifferent cell-mass within. This streak 
runs Imck wards along the dorsal surface of the tail-swelling (Series 
IX, Sections j/-fc), around and down its posterior tip-end to the ventral 
surface (Sections fe-/), and then backwards along the median line of 
the non-embryonic epiblast below the tail-swelling (Sections fc-m), 
until it reaches the yolk-plug at its posterior end (Section n). The 
Woodcut XIV strejik diagrammatically represented is 

therefore as in the adjoined Woodcut. 
Comparing this with Woodcuts XII 
or XIII, we can homologise the two. 




point for point, and we can draw the 
YkPlofl:. two very importiint conclusions (1) 
that the aforesaid streak in the Chelo- 
nia embryo, given in Figs. 8 and 8a 
and Series IX, represents the blastopore in a condition observable in 
Elasmobranch embryos of such a stage as is given in Woodcut XIII ,• 
and (2) that the problematical cell-mass (Series IX, n) which I 
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have CJilIed the yolk-plug is, at this stage, homologous with the 
yolk-mass peeping through the yolk-blastopore of the Elasmobranch 
(Woodcut XIIT, g). 

Again, if we compare Series XIII and XIV, representing the 
sections through the tail of somewhat more advanced chelonian 
embryos, with Schwarz's Figs. 15-22 ('89) or with Ziegler's 
Figs. 24, I-V, (^92) the similarity is very striking : some of the 
sections of the Elasmobranch will pass for those of Chelonia. Also, 
consider hoiv and ivhere the anus arises in Chelonia (Series XIII and 
XIV) and compare it with the same event in the Elasmobranch* 
(ZiEGLER Fig. 9a, loc. cit and Balfour ^78) : the two are exactly alike. 
In both, the proctoda3um arises in a part of the primitive stre^ik placed 
in the ventral median line of the tail (Woodcut XIII, A). 

If a comparison is made of the stages before reaching that of 
Figs. 8 and 8a, we shall also find many things to strengthen the 
similarity. In this sense, the change of shape in the chelonian 
blastopore (Woodcut V., p. 14) acquires a new and deep significance. 
If we examine how the blastoderm comes to surround the yolk in 
Elasmobranchs, and notice specially its posterior edge, we shall find that 
at first the posterior edge has a crescentic outline with the concavity 
turned anteriorly. As the blastoderm gradually spreads over the yolk, 
the concavity of the crescent is gradually reduced until at onetime, 
the posterior edge must be straight (with the median notch at the em- 
bryonic rim), and with still further progress, it acquires a crescent- 
shape with the concavity turned posteriarltf. (Balfour. Com p. Em- 
bryol. Vol. ii. Fig. 30). After a certain time, that stretch of the 
posterior edge nearest the embryo on each side comes to meet the 
corresponding stretch of the other side in the median line, producing 

• See the point A in Woodcut XIII. 
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the streak, e /, in the Woodcuts XII or XIII, and removing the 
exposed yolk-surface some distance backwards. 

How do chelonian embryos behave in this respect? The anterior 
lip of the blastopore representing here the posterior edge of the 
blastoderm* is at first crescent-shaped with its concavity turned for- 
wards (Woodcut V. 2). It then becomes gradually straight, and with 
further progress acquires a crescent- shape turned posteriorly (Woodcut 
V. 3, 4, 5, 6). It may possibly te pushing the comparison too far to 
say that the median notch, noticeable in Woodcut V. 3, 4, and 5, cor- 
responds to the indentation in the median line of the posterior edge of 
the blastoderm in Elasmobranchii (Sedgwick, ^92 Fig. 1 = Sedwick, 
Fig. 1, PI. VII of this article, or Balfouk, Com. Embryol. Vol. ii, Fig. 
30 A); but that such a notch is present in at Jeast some chelonian em- 
bryos, just at the stage when such ought theoretically to be visible, is 
significant and ought not to be left out of sight. When the enclosure 
of the yolk-plug by the anterior lip of the bJastojjore has reached a 
certain stage (Woodcut V. 7, or Woodcut X, A p. 71) the Jateral lips 
of the blastopore press towards, and meet in, the median line, gradually 
removing the yolk-plug or the exposed yolk-surface backwards and 
producing the linear streak (the primitive streak) between the original 
position of the yolk-plug and its new one (Woodcut X, 1?, (7). 

In regard to the formation of the tail, there are some chrono- 
logioil disparities between Elasmobranchii and CheJonia. In the former 
group, the foundation of the tail is laid before there is any streak 
behind the embryo (Sedgwick, '92, Fig. 2 = Sedgwick, Fig. 2, PI. VII. 
of the present article). In the latter group, on the contrary, the 



* It may be ur^ed by some that the sickle given in some of the figiiros of reptilian embryos* 
as, for instiiuce, in one copied from Kuppper by Hebtwiq in Fig. 65 of his Lehrbuch (4te Aufl. 
p. 95), represents the posterior edge of the blastopore, from the analogy of Roller's sickle in 
birds. But the sickle in the figure in question is formed by the accummulation of the peristo- 
mal mesoblast and has nothing to do with Roller's sickle. 
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lips of the blastopore are fused in the median line, thus producing a 
streak, and the yolk-plug reaches its final position, before the fciil begins 
to make itself perceptible (Woodcut X, C). This diiFerence may be due 
to the fact that in Elasmobranchii, the blastoderm has to enclose a large 
yolk'body before the lips of the blastoderm can unite in a streak, while 
in Chelonia, only a semblance of the above process is gone through, 
and the anterior lip of the blastopore has to encircle only a small 
rudimentary stiiicture — the yolk-plug. He this Jis it may, the chrono- 
logicjil disparity will not appear serious in the eye of a comparative 
embryologist, so long Jis the results are alike, as is the case in this 
instance. 

There is another fact which is of importance in comparing the 
two groups. In Elasmobranchii, when the blastoderm hjis grown 
uniformly in all its circumference for some time, the caudal swellings 
begin to grow more rapidly than the adjacent portions of the edge 
of the blastoderm, and come to project beyond the latter like a kind of 
tongue overhanging the yolk. (See the quotation above from Sedgwick, 
*92, and his Figure 2 = Sedgwick, Fig. 2, PI. VII of the present 
article). In other words, the tail is formed in a manner somewhat 
diiferent from the rest of the embryonic body and st^inds out freely as 
a tongue. Now, in describing the formation of the tail in Chelonia in 
the foregoing page^, I have re|)eatedly shown that the tail in that 
group is formed by a new elevation or upheaval from the surface of 
the blastoderm. The tail may l)e said to stand up from the surface 
of the blastoderm like a tongue. This can only be interpreted as 
repeating the process seen in the Elasmobranchii. The only difference 
lies in the anachronism pointed out above, but this, as I have said, 
can not be considered in comparing the two as a serious difficulty in 
the way. 

Thus, whether we compare a stage of chelonian embryos, such as 
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that given in Figs. 8 and Sa, and Series IX, with that of Elasmo 
branch embryos diagrammatical ly represented in Woodcuts XII or 
XIII, or whether we compare the course of events that take place 
in the two groups before or after such a st<ige is reached, the resem- 
blances are very striking. It would be preposterous to think that 
all these similarities are mere coincidences. They can only be inter- 
preted as having a deep phylogenetic significance. We may, I think, 
safely conclude that the course of erents described in the preceding pages 
as taking place in the posterior portion of the emh'yonic area restdting in 
the formation of the posterior part of tht embryo in Chelonia is a repeti- 
tionj in a j-udimentary form^ of the process affecting the homologous parts in 
Elasmobranchii. 

If this is really the case, and the homologies of parts are indeed 
those indicated in the last few pages — and I see no way of escape 
from this conclusion — some very important and far-reaching results 
follow : — 

1. It has been shown both in Elasmobranchii and Chelonia that 
the blastopore consists at a certain stage (Woodcut X, C, and Wood- 
cut XII and XIII) of three parts; (a) the anterior dilated part, (h) a 
groove or streak leading backwards from it and ending in (c) the 
posterior enlarged part — the yolk-blastopore. But embryologists will, 
I think, willingly admit that the second of these three parts in 
Chelonia has all the characteristics of the primitice streak or groove seen 
in other Amniota — is in fact a primitice streak* Hence it follows that 
the primitive streak is genetically the blastopore lips or at least a part of 
them. 

Sedgwick (*92, p. 565) says in regard to this point : — " liALFOUR 



* It would not be difficult to compare the primitive streak of Ares, for instance, with the 
above structure in Chelonia and establish their homology ; but the resemblances are so obyious 
that I do not tliink it necessary to go into details. 
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does not say that the two structures* are homologous ; he expressly 
guards himself from this. He says ('Comparative Embryology,' 
1st ed., vol. ii, ch. iii, p. 51). 'A linear sfreak [my woodcut,** ef] 
formed by the coalesced edges of the blastoderm is left connecting 
the embryo with the edge of the blastoderm. This streak is probably 
analogous to (though not gencticalhj related with) the primitive stre^ik in 
the Amniot'i' (the italics are mine). But he undoubtedly does com- 
pare the primitive streak with this linear part of the yolk-blastx)pore of 
Elasmobranchs ; and he says (Comparative Embryolog}^, vol. ii, Ist 
ed., ch. xi, p. 2-40), ' That it (primitive streak) is in later stages not 
continued to the edge of the blastoderm, as in Elasmobranchii, is due 
to its being a rudimentary organ.' The modification which I would 
propose to suggest in the comparison is as follows. The primitive 
streak of the Amniota is, as is well known, partly involved in the tail 
fold, and tucked under on to the ventral surface of the embryo.f It 
thus becomes divided into a dorsal part, at the front end of which is 
tl)e neurenteric canal or its rudiment, and a ventral part. The dorsal 
part is in birds for some time placed in a dilated posterior part of the 
still open medullary groove called the sinus rhoiuhoidalis. This part I 
would compare to the dorsal part of the blasto[)ore shown in the 
same |X)8ition and relations in my figs. 3 and 4. The ventral 
part, on the other hand, I would compare to the part of the 
blastopore which in Elasmobranchs runs along the ventral side 
of the tail to the yolk-stalk (my Woodcut c il);X while the liuciir 
jjartofthe yolk-blastopore in Elasmonbranchii (my Woodcut, 6/) is 
unrepresented or rudimentary in Aves and Amniota generalUj — ts, in fact^ 

* /. e., the primitiye streak of the Amniota and the linear streak on the ELismobranch yolk. 
•* Copied in Woodcut Xll of the present article. 

t In view of the facts brought out in the present article in regard to the tail formation, I 
should object to the words ** tucked under''* which Sedowick uses. 

X Copied in Woodcut XII of the present article. 
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the rudimentary part refen'ed to htj Balfour in the above quotation from 
the ' Comparative Emhri/ology.^ " 

The italics of the last few lines are mine. In the scheme of 
homology which T have sketched out above (pp. 83-85), the part, «/, 
in Sedgwick's woodcut (=Woodcut XII of the present article) 
which is stated by him to be rudimentary or absent in Aves and 
Amniota generally, is distinctly present in Chelonia as a part of the 
primitive streak. The fact is that neither Balfour nor Sedgwick 
in making the above comparison ever thought that there was a 
rudimentary yolk-structure in the Aminota which ought to be com- 
pared with the yolk-blastopore of Elasmobranchii, and directly homo- 
logised the large yolk-mass of the Sauropsida with the yolk-mass 
of Ebismobranchii. This view I consider to be untenable, as will be 
evident from what is said under the next heading. 

The identification of the primitive streak with the blastopore is 
no new idea, but I hope to have filled in details which make the 
compxrison much more accurate. 

2. The problematical cell-mass which stands up between the 
blastopore lips, and which I have all along called the yolk-plug, 
represents, in such a chelonian embryo as that of Figs. 8 and Sa, the 
large yolk-mass of the Elasmobranch egg. Hence, we must conclude 
that the main body of the yolk in the chelonian egg must not be homo- 
logised with the yolk-mass of the Elasmobranch egg. It seems most 
reasonable to conclude that in course of phylogenetic development, the yolk 
which is homologous with the yolk-mass of the Elasmobranch egg, must have 
dwindled in size and been lost from the eggs of the ancestors of the 
Amniota. This yolk-mass tvhich 1 may call the primary yolk mass 
has, howeve)', left in some eggs, (e. g., in the chelonian egg) its rudiments 
in the st)*ucture known as the primitive plate and its direct derivative, 
the problematical cell mass behind the blastopore. In further course of 
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development, the eggs of the ancestors of the Amniota acquired for the 
second time a large yolk-mass, tuhich I may call the secondary yolk- 
mass. It is this ivhich we see in the Amniote eggs of the present day. 
The enclosure of the primary yolk-mass by the blastoderm is closely 
connected with the process of gastrulation and has a palingenetic character. 
The enclos^ure of the secondary yolk-mass by the blastodenn is a coenogenetic 
process and has nothing to do with gastndntion. Thus it becomes 
imperative to distinguish the meroblastic Q^g of the Elasmobranchii 
from the meroblastic e^g of the Amniota. The former may be 
called the primary meroblastic ovum or proto-meroblastic ovum, and the 
latter the secondary meroblastic ovtim or meta-meroblastic ovum. All 
comparisons of the two classes of eggs without taking the above 
circumstances into consideration are apt to lead us astray. 

These conclusions may at first sight appear somewhat fantastic, 
but if the facts are really as brought out in the present article — and 
I have taken great pnins to test their correctness and am convinced 
of their substantial correctness — the conclusions seem to me inevi- 
table. The idea of the loss and acquisition of yolk in the vertebrate 
eggs several times in the course of phyletic development is no new 
one of mine. It is Rabl (^89) who first formulated it and discussed 
it in a most masterly manner in his '* Theorie des Mesoderms." 
While writing Contribution IV, the facts then in my possession 
convinced me of the correctness of the idea, and I discussed the 
question towards the end of that article. The facts brought out 
since and given in the present contribution appear to me to leave no 
choice in the matter, and furnish, to me at least, absolute proofs of the 
soundness of the theory. 

3. It is remarkable that when once the above homology is accept- 
ed, the difficulties that have always stood in the way of homologising 
the icthyopsidan with the sauropsidan egg dissolve away. Balfour 
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has long ago pointed out that " the possibility of a comparison 
between the Sauropsida and Elasmobranchii depends upon ex- 
planation being possible of (1) the position of the embryo near the 
centre of the hlastoJerm^ and (2) the nature of the primitive streak." 
(Comparative Embryology. 1st ed., vol. li, ch. XI, p. 236). The 
second of these points has already l)een dis|)Osed of, as the primitive 
streak has been shown to be identical with the blastopore lips. The 
other point, one which, I think, has bothered embryologists a great deal 
more than the second, is also cleared away. For, if the problematical 
cell-mass which I have called the yolk-plug represents the exposed 
surface of the primary yolk-mass, then the enihn/o is actuallij formed at 
the edge of this ijolk-mass^ and not in the centre of the blastoderm. Thus 
a strict comparison tvith the Elasmobranchii in this respect is possible. 
I^t us next turn our attention to — 

THE AMPHIBIA. 

A flood of light has lately been thrown on the process of 
gastrulation in Amphibia by a number of imix>rtant works by Rocx, 
GoTTE, Morgan, v. Erlanger (^89), Robinson and Assheton ('91), 0. 
Hertwig ('92 and '95), Eycleshymer ('95), and many others. 
A comparison of the two groups, Chelonia and Amphibia, in this 
respect brings out some important points interesting to us. I shall 
now touch on some of these points. 

1. It has been shown by 0. Hertwig that the tail in the 
Amphibia is formed by the rising vp of a special cell mass, and is 
formed in a way diflferent from the rest of the body lying anteriorly 
to the tiiil ( 92, p. 452 et. seq,). It, moreover, arises from a paired 
" Anlage.'' This must be considered the same as the process of 
upheaval which I have brought to light in this article in regard to the 
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Woodcut XV. 



formation of the tail in Chelonia. The paired " Anlage " correspond 
to the two sides of the primitive streak. 

(2) If we take a frog's egg^ such as is represented in Woodcut 
XV, A^ cut it open at the line XY, and spread the whole flat, we shall 

obtain a figure like B. This reminds us 
of the stages of Chelonia given in Wood- 
cut IV, G (p. 12) or Contrih. IV. PI. 
VIII, Fig. 9. It is true that in Chelo- 
nia, there is below the epiblast an under 
layer, which I have called the coenogene- 
tic hypoblast, but as this has arisen 
coenogenetically around the secondary 
yolk-mass {vide supra)^ its absence in B is 
of no consequence. If we stretch this 
comparison one step farther, it makes 
the conclusion highly probable that the 
primitive plate or hioh 
(Woodcut IV. A)^ acknow- 
ledged by Will, Mehnert, 
and myself to be present in 
the two layered stage of 
Reptilia, corresponds to the lotver^ larger-celled half of the amphibian egg 
or in other tvords to the primary yolk-mass. It might be objected that, in 
the frog, gastrulation commences at the boundary between the ui)per, 
and lower halves, or at the anterior edge of the lower half if spread flat 
as in Woodcut XV, B, while gastrulation is stated to commence in the 
middle of the primitive knob in Reptilia. If we look at Fig. 9 of my 
Contrib. 11% it will be found that the gastrulation cavity is in the 
middle of the primitive knob, but as I have stated above (p. i5), the 
epiblast spreads backwards to the edge of blastopore, simultaneously 



A section of a Frog*s egg. 
After AssHETON. 




The above figure cut open at XY and spread flat. 
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Woodcut XVI. 

Pr. Kn. or Yin. 1. 



with, or perhaps even before, the commencement of gastrnlation. In 
fact, I am inclined to think that the establishment of the epiblast at the 
future dorsal lip of the blastopore is the signal for the commencement 
of the invagination (see Contrib 7, ;). S36). If we also look at ^y ill's 
figures 42, 44, 48, ('92), or 13a, 136, 16 ('93), the above objection 
will not hold. It seems to me that the explanation just given of the 
nature of the primitive plate or knob is a very satisfactory one, and has 
the advantage of deriving this structure from something existing 
already in Icthyopsida. 

According to this view, then, the 
chelonian egg may be represented as in 
Woodcut XVI. The primitive knob or 
plate (Pr. Kn.) represents the primary 
yolk-mass and is homologous witli the 
lower larger-celled half of the amphibian 
ovum and with the large yolk-mass 
(including all the parts thnt do not 
belong to the epiblast) of Elasmobranchii. 
The larger yolk-mass (Ym. 2) of Chelonia, 
although developed in continuity with 
the primary yolk-mass, must be looked 
on as something newly acquired and not 
represented in the ovum of Elasmobnmchii 
or of Amphibia. The hypoblast surrounding it may also be considered 
as ccEUOgenetic. The problematical cell mass, which I have all along 
called the yolk-plug, is directly derived from a part of the primitive 
plate after the process of gastrnlation has taken place in the primitive 
plate. If the primitive plate corresponds to the lower larger-celled 
half of the amphibian ovum before gastrnlation, the problematical 
cell-mass in such a stage as Fig. 1, PI. I. corresponds to the postei'ior 




Dia^pram of a cheloniaD egg. 

Pr. ifn.^ Primitive knob or plate. 
Ym. i — Primary yolk-mass. 
Ym. J? «= Secondary yolk-mass. 
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part of the large-celled floor of the archenterofi plus the yolk-phig* in 
the amphibian ovum, after gastrulation has taken place (see, for 
instance, dz and d in Fig. 58,** Hertwig, Lehrbuch, 4te. Aufl. p. 89). 
At later stages, when the problematical cell-mass has receded to the 
edge of the embryonic area (Fig. 8 etc.), it represents less, and corres- 
ponds simply to the yolk-mass i)eeping through the yolk-blastopore 
of the Elasmobranchii. What, it corresponds to in the amphibian 
ovum is somewhat doubtful, as the discussion in the next paragraph 
will show. If the homology of different parts which I have set forth 
here is true, we should expect a priori that the primitive plate will 
give rise to the structures which are formed out of, or at lejist, in 
contiguity with, the lower larger-celled half of the amphibian ovum, 
or its homologue in Elasmobranchii, while the secondary yolk-mass 
ought not to be of much significance in this respect. In ix)int of fiict, 
the facts brought out in my Contribution IV fall in well with these a 
priori considerations. The conclusion which I set forth in that 
Contribution as justified by the facts brought out there are as follows : — 
" From the epiblast of the embryonic shield, the epiblast and its deriv- 
atives q/'^/i^/tifwre animal is derived. In the region of the primitive 
plate and its anterior enlargement are produced the invagination- 
CAViTY (the Archenteron)y the yolk-plug, the chorda, the meroblast 
(both peristomal and gastral), aud the definitive hypoblast and its 
derivatives. The primitive lower layerf forms the wall of the yolk-sac, 
and contributes to the future animal only in so far as some of its cells are 
unrecognisably incorporated tvith the cells of the primitive knob, tvhen the 

• The name Yolk-Plug which I have applied to the problematical cell mass is accordingly not 
entirely happy, as the mass corresponds to something more than the yolk-plug. But as it is the 
name which I have used from the first Contribution and as it answers on the whole my purpose 
best, I have retained that name in this paper. 

*• A well-known figure, widely copied, showing the longitudinal section of a Triton egg 
after the completion of gastrulation. 

t Represented by the dotted line in Woodcut XVf. 
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latter spreads itself over the ventral surface of the embryonic shieW (p. 251). 
In the same Contribution, I have given reasons for thinking that the 
large yolk-mass of Chelonia (Yin. 2) ought to he regarded merely as a 
ventral appendage of the archenteron, the cavity in which has arisen 
because it is necessary to have the nutrient matter in the liquid form, 
its presence being due, therefore, solely to physiological necessity and 
having a comparatively insignificant morphological value.* 

3. 0. Hertwig ('95) has recently described some abnormal 
embryos reared in salt solutions which remind us strongly of the 
chelonian or selachian embryos. For instance, in his Figs. 15 and 16, 
there is the tail projecting hook-like over the stiJl exposed yolk-cells. 
This is like Figs. 8 and 8a of the present article, if we change the 
relative sizes of the tail and the exposed yolk. While, therefore, there 
can be no doubt that there is a general resemblance in this respect 
between the chelonian and selachian embryos on the one hand and the 
amphibian embryos on the other, there is a serious doubt in my 
own mind as to the homology of the yolk-plug in the Amphibia. It 
seems to be tolerably certain from the works of many recent writers 
that the edges of the circular yolk-plug in Amphibia, after a certain 
stage, press towards the median line, and meet finally in the median 
streak, leaving however an opening both at the anterior, and the 
posterior, ends. The anterior opening becomes the neurenteric canal 
and the posterior the anus. If we look at Figs. 18, 19, and 23-26 of 
Robinson and Assheton (^91) and read how the tail, with the exception 
of the skin, is formed from the primitive streak, how the primitive 
streak stretches backwards from the neurenteric canal, etc., I think, 
we shall be obliged to conclude that here we have the homologous 
processes going on as in the posterior part of Chelonia and 

♦ I am well aware that these views are diametrically opposed to those recently advanced 
by Lwopp ('94). Future investigations must decide which of us is correct 
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Elasmobranchii. That part marked PS in Fig. 23 of Robinson and 
AssHETON corresponds, on the whole, Avith Woodcut X, C of this 
article. So far, well and good. But it is insisted on by 0. Hertwig 
(^92, p. 452 et. seq.) that the anus in Amphibia lies at the posterior end 
of the blastopore. If this is really so, then what becomes in Am- 
phibia of the part corresponding to the non-embryonic portion of the 
primitive streak situated behind the anus in Chelonia and Elasmo- 
branchii — efg^ Woodcuts XII, XIII, and XIV? Or, is the amphi- 
bian anus an altogether diflferent structure from the chelonian or 
selachian, as in the latter two groups the anus is not plainly at the 
posterior end of the primitive streak? It is stated by Robinson and 
AssHETON that there are twenty sections of the primitive streak 
behind the amis in the Rana embryo figured in their Fig. 23. Sup- 
posing the anus to be homologous in Chelonia and Elasmobranchii 
on the one hand and Amphibia on the other, does that short stretch 
represented by twenty sections in the latter group represent the 
coalesced edge and the edge around the yolk-blastopore (e/jjf. Wood- 
cuts XII-XIV) of the meroblastic egg ? I leave these questions 
open, for I think, we have at present no means of answering them 
satisfactorily. At any rate, the above discussion makes it certain 
that the Rusconian anus in Amphibia is not homologous with the 
yolk-blastopore of Elasmobranchii : the former includes a great deal 
more than the latter, for it gives rise to the neurenteric canal, the 
anus, and the primitive streak between the two. The Rusconian anus 
of the Amphibia corresponds rather, though not exactly, to the 
problematical cell-mass of Chelonia in such a stage as Fig. 1, PI. I., 
but not to the latter when it has moved backwards and represents 
only the yolk-blastopore (Fig. 8). Those who share Hertwig's 
opinion that there is no such thing as the yolk-blastopore in Elasmo- 
branchii ("^92, p. 448 and Lehrbnch, 4te Aiijl., p. 134) may consider 
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that this conclusion strengthens their position, but I venture to 
think that their view is not justifiable for reasons which I shall try 
to show in the sequel. 

The above discussion makes it clear that in the amphibian egg there 
is present only the primary yolk-mass^ homologous with that of the Elasino- 
branch egg but very much smaller in quantity. No clue has, so far as I 
am aware, been yet discovered within the amphibian egg itself as 
to whether it (1) had once a large yolk-mass like that of the Elasmo- 
branch egg and then lost it in the course of time, or (2) represents a 
condition similar to that which the Elasmobranch egg must have 
been in before it acquired the large yolk-mass. Rabl ('89) adopts 
the former of these alternatives. The systematic position of the 
Amphibia in the scale of the vertebrate phylum would incline one 
to do likewise, but the peculiar nature of the Rusconian yolk-plug 
refeiTcd to above ought to make us cautious in giving the question a 
final decision. It is certainly a remarkable fact that there is a 
greater and more precise agreement in this aspect of development 
between Elasmobranchii and Chelonia than tetween Elasmobranchii 
and Amphibia. 

Let us next cast a oflance over — 



o 



THE AVES. 

When we compare the primitive streak in Birds and Chelonia, 
the first thing that strikes us is the great difference in the time of the 
first appearance of this structure in the two groups. In Birds the 
primitive streak is one of the first structures visible in the blastoderm, 
while the structure in Chelonia which I have described in the present 
article and called the primitive streak comes into existence only 
after the head, the medullary canal, the amnion, etc., have made 
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considerable progress in their development. Nevertheless, few will doubt 
that the two are homologous, when we examine their sections, or the 
position of the neurenteric canal with respect to the streak, etc. Of the 
two, there can not be any doubt that the process seen in Chelonia 
has retained a more primitive character, and ought to serve as a key 
in unravelling various questions in regard to the primitive streak in 
Birds. So far as I am aware, nobody has yet discovered a structure 
in Aves comparable with the mass which I have called the yolk- 
plug ; but this may be due to the fact that nobody has till now 
looked for it. If it exists at all, it must be in a rudimentary 
condition, and unless looked at in the light of what tjikes place in 
Reptilia, is most likely to be overlooked. But I believe that future 
investigations will throw a great deal of light on the point. The 
posterior end of the primitive streak in liirds is notoriously variable, 
and nobody has made a systematic study of it up to the present 
time. There is one figure in existence which makes one quite 
hopeful. I refer to Fig. 6, PI. VIII of Kupffer's classical work 
( 82). It is the figure of a sparrow embryo with two mesoblastic 
somites. At the posterior end of the medullary canal there is figured 
a triangular mass which the author has marked pr. This can be 
neither more nor less than the yolk-plug at such a stage as Fig. 2 of 
the present article. 

There is one piece of observation made on the fowl which goes 
flatly against my views advanced above. Whitman (^83) has described 
an abnormal form of the chick blastoderm in which the primitive 
streak is prolonged posteriorly to the edge of the blastoderm. One 
naturally concludes that this prolongation represents that coalesced 
edge of the non-embryonic portion of the blastopore in Elasmobranchii 
{e j\ Woodcut XIII) which connects the embryo with the yolk- 
blastopore. This presupposes the fact that the yolk-mass of the 
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Birds' egg is homologous with that of Eiasmobranchii. This, as I 
have said, goes flatly against my idea that the yolk-ma-ss of the 
Sauropsida is secondary and that which corresponds to the yolk- 
mass of Eiasmobranchii exists in the rudimentary form. Future 
investiorations must decide which is correct. The distino^uished 
American morphologist himself will, however, be willing, I think, 
to admit that the results obtained from the painstaking observations of 
numerous embryos in three different s^^ecies both in surface-views and 
sections are entitled at least to as much weight as the observation 
which, the author himself regrets, is confined to the surface observation 
of a single specimen mounted in toto, entirely unsupported by sections. 
1 think it just possible that when more is known about the history 
of the acquisition of the 5d(;a«tir(/7/ yolk-mass in the sauropsidan egg^ 
some facts reconciling the observations of Whitman with those made 
by myself may be discovered. This, I think, is all the more possible, 
because I have never yet observed a distinct posterior boundary in the 
remnant of the primary yolk-mass in Chelonia, and the long streak 
on the floor of the posterior amniotic tube in Clemmys may, perhaps, be 
explained in connection with that streak observed by Whitman. But 
for the present this must remain a mere conjecture. The counter 
question : " If the facts brought out in the present article have not 
the significance assigned them here, how then are they to be ex- 
plained? '' would be worth a consideration in deciding the matter. 

THE MAMMALIA. 

Jn regard to this group, I shall confine myself only to the remark 
that the mammalian egg is acknowledged by most writers to be 
derived from a meroblastic egg by the gradual loss of the yolk-mass. 
If the views set forth above are correct, it must therefore be looked on 
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as descended from the secondary meroblastic egg by the loss of the 
secondary yolk-mass. Hence the remnants of both the iirimary^ and 
the secondary^ yolk-masses ought to be found in the mammalian egg. 
That this is actually the case, some of the recent memoirs on the 
mammalian development make highly probable. I refer here only to 
Van Beneden (^88), Carius (^88), and Keibel (^93 and ^95). The 
first of these authors mentions a structure evidently comparable with 
that which 1 have called the yolk-plug in Chelonia, as the quotation 
given at the beginning of this article (p. 3) shows. Carius gives, in 
Fig. 7 of his article a section through Henson's knob of a rabbit- 
embryo which shows an unmistakable "yolk-plug'' and is strictly 
comparable with Series I, /. of this article. Keibel (^95) describes a 
peculiar cell-mass continuous with the epiblast at the posterior end of 
the primitive streak in Stis. It would be rash to say that this cell-mass 
has something to do w^ith the yolk-remnant described in this paper, but 
it would not be too much to say that an examination of the posterior 
end of the primitive streak in Sm in the light of the facts now brought 
out in Chelonia may result in the discovery of new relations not before 
thought of. So much seems certain that in some respects there is 
more agreement between Mammals and Reptiles than between Birds 
and Reptiles. 

EXPLANATION OF DIAGRAMS MX GIVEN ON PL. X. 

In order to facilitate the comprehension of the views set forth 
above, I have constructed a series of diagrams that shows the course 
of development in Elasmobranchii and Chelonia. They are based on 
the diagrams given by 0. Hertwig in his article " Urmund und 
Spina bifida " ('92) and in his Lehrhich (4te Aufl., pp. 135 et seq.). 
These I have taken for my basis, for, being in a much read text-book, 



Digitized by 



Google 



102 ^' MITSUKURI; 

they are .already widely understood and will make the differences 
which I wish to bring out easily comprehensible. 

Diagrams I-IV represent the course of development in Elasmo- 
branchii, and V-IX the same in Chelonia. 

Diagrams I-III are exactly like A and B in Fig. 114, and A in 
Fig. 115, of Hertwig's Lehrbiich (p. 135 or '92, Taf XX, Figs. 1—3.) 
so that they hardly need any explanation. The blastoderm limited 
by 1-1 in I has spread to 2-2 in II and to 4-4 in III. The 
embryonic rim grows in length with the growth of the blastoderm.* 
The edge of the blastoderm opposite to that on which the 
embi-yonic rim is placed grows much faster than the latter : hence 
the lines 1-1, 2-2, etc., are oblique and the exposed surface of 
the yolk lies in the diagrams on the right of the sphere instead 
of being at the pole opposite to that which the blastoderm occupies 
in I. In IV and IVa, the peculiar mode in which the blastoderm 
finally encloses the yolk is shown. After the tail knob has arisen, that 
part of the blastoderm edge nearest the tail-knob on each side. comes 
to meet the corresponding part of the opposite side ventral to, and 
behind, the tail, thus removing the exposed surface of the yolk-mass 
some distance behind the posterior end of the embryo. The blastopore 
then consists of three parts, (1) the neurenteric canal (Neurent C, IV 
and IVa), (2) the yolk-blastopore, and (3) the 8-shaped streak stretch- 
ing between (1) and (2) and going round the posterior tip of the tail. 
The yolk exposed during all these phases is the primary yolk-vmss. 
There are reasons which make me think that the whole blastoderm 
edge in Elasmobranchii represents the blastopore lips and that the 
division of it into two parts, the blastopoi-e edge (Urmundrand) and 



• This much is admitted by all, as well by those who uphold the concrescence theory as by 
those who oppose that theory. 



Digitized by 



Google 



FATE OF BLASTOPORE ETC. IX CHELON'IA. 103 

the growing edge (Umwnchsungsrand), in the mimner of Hertwig, is 
not defensible. Of this I shall speak anon. 

Diagram V, the first of the Chelonian series, is somewhat like I, 
but is in reality very different. In the first place, the large yolk- 
mass (Yvu 2) exposed below the limits a-a of the blastoderm in V is 
not the same as the large yolk-mass {Ym. T) in I, although so nmeh 
like it in appearance. That mass in V is the secondary yolk-mass. The 
primary yolk-mass or the mass corresponding to ihat of the Elasmo- 
branchii is represented in a surface view by the small shaded area 
(Iw. i) behind the line, 1-1, in the posterior part of the embryonic 
region. The crescentic line, 1-1, represents the anterior lip of the 
blastopore and corresponds to the posterior part of the blastoderm edge, 
1-1, in L 

In VI, the blastoderm has grown to the edge b-h. The embryo 
has grown in length from the line 1-1 to the line 2-2, which 
represents the anterior lip of the blastopore notv become straight across. 
As I have said before {p. 78), I leave for the present the question 
open whether the embryo has grown in length by concrescence or by 
intussusception. The shaded area (Ym. 1) behind the line 2-2 
represents as before the primary yolk-mass. 

In VII, the blastoderm hjis covered the secondary yolk-mass to 
the line c-c. In the embryonic region, the blastopore lips 4-4 have 
become horse-shoe shai)ed. The remnant of the primary yolk-mass 
(Ym. 1) is enclosed within the horse-shoe. The lines 1, 2, correspond 
to the lines similarly marked in III, and the lines 3, 4, show further 
growth. 

In VII I, the secondary yolk-mass is covered by the blastoderm 
to the line dr-d. There has taken place a great change in the blasto- 
pore. The foremost part of it has become the dorsal opening 
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(Neurent C.) of the ueurenteric canal* but behind it, the lips of the 
blastopore pressing from both sides towards, and meeting in, the 
median line have removed by their proliferation the remnant of the 
primary yolk-mass {Ym. 1) some distance behind the ]X)sterior end 
of the embryo, producing the primitive streak. 

In IX, the blastoderm has covered the secondary yolk-mass 
(Yin. 2) to the line e-e. In the region of the primitive streak, the 
tail-swelling has arisen, changing the hitherto straight primitive streak 
into a 8"^^^P^^^ curve (7Aa). The upper part of this figure corres- 
ponds to the whole of the ^^^g in IV. Ym. 1 is in both eases the 
yolk-blastopore. Between this (Ym. 1) and the neurenteric canal 
(Neurent. C.) there is in both figures a 8-shaped streak, 'i'he simi- 
larity is too striking to need any further explanation. Note that the 
final enclosure of the secondary yolk-mass takes place at the pole 
opposite that which the blastoderm occupies in V, instead of being at 
some spot oblique to the original axis as in the case of the primary 
yolk-mass in IV. My views beautifully account for this difference. 

Thus far, the explanation of the diagrams. 

In that series of diagrams given by Hertwig, the edge of the 
blastoderm is divided into the growing edge (Umwachsungsrand) and 
the blastopore edge (Urmundrand) in both Elasmobranchii, and 
Sauropsida. He altogether denies the existence of such a thing as the 
yolk-blastopore. He says (^92, p. 448) : — Balfour hat diesem Ring 
den Namen Dottterblastoporus beigelegt und in ihm einen Theil des 
Urmunds erblickt. Wie schon friiher gesagt, halte ich diese in der 
Literatur weit verbreitete Ansicht fiir eine irriore. Denn erstens lieo^t 
am sogenannten " Dotterblastoporus '' iiberhaupt keine Oeffnung vor, 

* It is often stated that the neurenteric canal is a part of the blastopore. StricUy speak- 
ing, this is not true» for the neurenteric canal is a transformation of the posterior part of the 
archenteron (Contrib. IV.). The dorsal opening of the neurenteric canal is however, a part of 
the blastopore. 
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durch welche man in einen Hohlraum gelangt, wie es am Urmundrand, 
soweit er noch nicht verwachsen ist, der Fall ist. Durch den 
Umwachsungsring kommt man in die Dottermasse, die wir uns 
auch durch einen Haufen von Dotterzellen in welche sich der 
Umwachsungsrand verliert, ersetzt denken konnten/' Also, in his 
Lehrbucli (4te aufl. p. 134), Hertwig says : " Wahrend amUrmund 
Einstiilpung bereits vorhandener Zellen stattfindet, erfolgt am 
Keimscheibenrand Neubildung von Zellen, dadurch Vergrosserung 
des Randtheils und Umwachsung des Dotters. Ich schlage daher fiir 
ihn den Namen Umwachsungsrand der Dotterkugel vor. Von einer 
besonderen Oeffnung oder einem Dotterblastoporus kann nicht die 
R«de sein * * *:' 

It seems to me that Hertwig was led to this conclusion, because 
at the time he wrote, there was no fact which made him think that the 
yolk of the Elasmobmnch egg is not homologous with that of the Sauropsida. 
So, looking at them as alike — as indeed all the writers except Habl 
have hitherto done — he took it for granted that what was observed at 
the growing edge of the sauropsidan blastoderm tjikes place, also at the 
growing edge of the blastoderm in Elasmobranchs. But I believe, 
it is possible to show, that such is not the case. Writers on the 
Woodcut XVII Elasmobranch development show that 

^ the peristomal meroblast is prolife- 

EpL rated from the edge of the blasto- 

j^^ ^ ^ derm, where the epiblast is reflected 

and becomes continuous wdth the 
hypoblast. The figures given by 
Rabl (^89), ScHWALZ (^89), and 
Ziegler ('92) all go to show this. 
■^^ Ziegler's fiofure 5 shows how this 

mesoderm formation goes round nearly the whole edge of the blasto- 
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derm. Woodcut XVII, A shows two of these edges approaching each 
other. Either of these edges will hardly answer the description of a 
growing edge by Hertwig, and when these meet (Woodcut XVII, B) 
the line of junction has all the characteristics of a primitive streak. So 
that there can be no question that the blastoderm edge of the Elasmo- 
branch at earlier stages may certainly be considered the bla^stopore 
lips (Urmundrand). When the blastoderm of the Elasmobranch has 
surrounded the yolk, as in Woodcuts XII or Xlil (p. 91), what 
structure the meeting edges, ef^ and the edge round the yolk, jf, have 
is a question which unfortunately I can not decide by appeal to actual 
sections or to figures given by authors, for I do not possess the former 
and I do not know of the existence of the latter. The nearest ap- 
proach to it is in Figs. 24, I of Ziegler and Fig. 16, of Schwarz. 
Both represent that region ventral to the tail where the blastoderm 
edges are to meet in a linear streak, but in the figures, there is still 
the yolk exposed between the two edges. As far as I understand 
these figures, the epiblast is reflected and becomes continuous wtih the 
hypoblast, but the proliferation of the mesoblast is already given up. 
I believe, the latter fact may be explained by the consideration that the 
blastoderm has been so long in encircling the yolk that the mesoblast 
formation has been completed, and the middle layer has lost its 
connection with the primary layers. The blastoderm edge may there- 
fore still be considered morphologically as the blastopore lips. At 
any rate, it seems to me to have more the characters of blastopore 
edge than those of a simple growing edge, especially when we remem- 
ber what they were in earlier stages. Moreover, the parts in Chelonia, 
which I trust to have proved to be homologous with the blastoderm 
edge of Elasmobranchii, have unmistakably the characters of the 
blastopore lips. 

In regard to the edge of the blastoderm in Sauropsida, all that 
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Hertwig sjiys in regard to the simple growing edge (Umwachsungs- 
i-and) applies to it. Unfortunately I have no observation of my own, 
but the work of H. Virchow (*92) proves this abundantly. 

This goes to prove that the edge of the blastoderm in Elasmo- 
branchii is the blastopore edge and not the growing edge, while the edge 
of the blastoderm in Sauropsida is the growing edge and not the blasto- 
pore edge, which is found in their eggs in that part surrounding a 
small remnant of the primary yolk-mass situated near the embryo. 

The objection which Hertwig raises against the idea of a yolk- 
blastopore is thus not insurmountable. 



Digitized by 



Google 



108 ^- MIT.SUKURI; 



THE CLASSIFICATION OF VERTEBRATE EGGS. 

The considerations set forth in the preceding pages make 
necessary a reclassification of the eggs of Vertebrata. I append below 
a table of classification such as I conceive it : — 

I. Primary Type :— 

Archi'Holoblastic : — Amphioxus. 

ProtO'Holoblastic : — Eggs that have never 
acquired a large yolk-mass and hence 
have retained the primary condition 
nearest to Amphioxus. Cijclostomu 

ProtO'Merohldstic : — (a) Eofgs that have ac- 
quired a large primary yolk-mass. 
Ehxsmoh'ancliii^ 
(6) or eggs that having lost the large pri- 
mary yolk-mass have at least retained 
the meroblastic mode of segmentation. 
Teleostei. 

MesO'Uoloblastic : — Eggs that had at one time 
acquired a large yolk-mass but have lost 
it, returning to the holoblastic condition. 
Amphibia (?) 

II. Secondary Type:— 

Meta- Meroblastic : — Eggs that had at one time 
acquired a large primary yolk-mass, had 
then lost it, and now have acquired a 
large yolk-mass for the second time. 
Beptiliaj Arcs. 
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Mcta-Holoblastic : — Eggs that have run a 
course like the meta-meroblastic eggs, 
but have again lost the secondary yolk- 
mass and returned to the holoblastic 
mode of segmentation. Mammalia. 

Imperial University^ 

TokyOj Japan. 

February 10, 1896. 



In conclusion I wish to express my thanks to Prof. Edward 
Divers, F.R.S., for kindly looking through the proof-sheets. 
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POSTSCRIPT. 

At the end of January of the present year, I received from 
Dr. LuDWiG Will a copy of his article entitled " Die Anlage der 
Keiinbldtter bei der Eidechse (Lacerta).''* As the foregoing article had 
then nearly taken its final shaj^e, it was not possible to take Dr. 
Will's new article into consideration in the body of the article. I 
have for this renson decided to add a postscript in order to put together 
some remarks on Dr. Will's paper. 

While Will gave in two former papers ('92 & 93) the course 
of development in the early stages of Platydactyltis and Cistudo^ he has 
in this paper given the results of his investigations on the same 
phases in the embryology of Lacerta. His observations begin from 
the appearance of the primitive plate and end with the formation 
of the mesoblast and the primitive groove. As we are for the present 
most interested in the last part, we shall confine ourselves only to a 
few remarks on the ejirlier phases. 

As regards the characters of the primitive plate, and the process 
of gastruhition Will has obtained on the whole the same results in 
Lacerta that he obtaiined before in Platydactylus and Cisttido. For 
instance, he insists again on the sharp limits between the epiblast and 
primitive plite (y, y in A, Woodcut II of the foregoing article). On 
some points, however, he gives different results. The following are 
some of these points : — 

(a). While insisting in general on a distinct boundary between 
the primitive plate and the epiblast. Will confesses that he was often 
unable to find such a limit on the posterior end of the primitive plate. 

• ZooloffUcher JahrbOcher, Abth. f. Anat. u. OtU, der Thiere, IX Bd. 1896. 
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He also says : " Die Moglichkeit, bei den Reptilien die Primitivplatte 
scharf von dein umgebenden Ektoderm abzugrenzen, dient nur noch 
zur UnterstUtzung der angefuhrteu Beweisgrunde ; das Fehlen 
einen solchen Grenze wUrde, wie wir gleich sehen werden, 
an der Auffassung nichts andern kSnnen" (p. 11). He 
thus allows the possibility of the absence of such a limit. 

(6). In r^urd to the shape of the primitive plate at its ear- 
liest phase, Will made it in Platydactylus and Cistudo sickle-like 
afterwards changing to a more rounded form (Woodcut I, p. 8 
of the foregoing article). In regard to Lacerta he says : "Da demnach 
die Lange der Primitivplatte der Breite derselben fiist gleichkommt, 
so kann man bei der Eidechse nicht von einer so aus- 
pragten Sickelform derselben sprechen wie beim Gecko 
und Schildkrote." (p. 23). 

(c) As a corollary of the above fact, the first shape of the 
invagination cavity in Lacerta is rounded, different from Platydactylus 
and Cistudo (see Woodcut I of the foregoing article) in wliich it is 
either sickle-shaped or rounded (p. 33). [Compare my remarks on 
p. 14 of the foregoing article] 

(i). In Platydactylus and Cistudo^ Will insisted on it that the 
invagination-cavity — the archenteron — attains an extraordinary size, 
and in Cistudo at least becomes both in length and breadth exactly 
co-extensive with the embryonic shield before it breaks through below. 
In Lacerta he finds that the invagination-cavity does not become 
nearly as large, (p. 4i). 

(e). The floor of the invagination-cavity is, in Lacerta^ formed 
by many layers of cells. " Die untere Urdarmwand weicht jedoch in 
dem mir vorliegenden Praparat in so fern von dem Verhalten bei 
den beiden andern erwShnten Reptilien-vertretern ab, als sie bei der 
Eidechse fast bis in die Spitze mehrsichtig ist, wahrend bei jenen der 
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weitaus grosste Theil der untern Urdarmwand aus einen einsichtigen 
Plutteuepithel bestand." (p. 42). 

(J). When the invagination cavity breaks through below in 
PtaUjiactylus and Cistudo^ the floor of the cavity showed, according to 
Will, extraordinary net-like appearances (*93 ; Figs. 66, 76, and 86, 
'92 Fig. 17). In Lacerta^ (at least in the specimen which Will 
had) the invagination-cavity breaks through at only one place. 

(jf). The " Kupffer's Gting ", which I have called the blastoporic 
passage in the foregoing article, does not become closed at any time in 
Lacerta^ but becomes directly transformed into the neurenUnc canal. 

On most of these points, I pointed out categorically in my Con- 
tribution IF, Postscript^ the diflferences between the results which 
Will obtained in Platydactylus and Cistudo and those which I 
obtained in Ch^lonia. It is to be noted that the resets which Will now 
gives for Lacerta approach on most of these points nearer mine for 
Chelonia than those he brought out for the two species which he studied 
before. 

After the breaking through of the invagination cavity, the dorsal 
wall of the cavity is said by Will to spread itself still further in 
breadth. " Wenn demnach bei der Eidechse, anders als beim Grecko, 
der Urdarm noch vor Erreichnung seiner definitiven L&nge und 
Breite noch unten durchbricht, so wachst doch die dorsale Urdarm- 
wand selbststandig genau in derselben Weise weiter wie vor dem 
Durchbruch." (p. 54). The growth is probably the same thing as the 
spreading of the primitive kuob which I described in my Contnbution 
IV. On p. 250 of that paper, I said, summing up the process. 
" The primitive knob which was gradually spreading it«elf over the 
ventral surface of the embryonic shield before the breaking through 
of the invagination cavity contimies to do so after that event. It spreads 
from the spot where the invagination-oivity first broke through away 
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towards the periphery of the shield." For details, the render is 
referred to that paper. 

I now come to that part of Will's paper which at present 
concerns us most — viz.j to that part which treats of the formation and 
nature of the primitive streak and groove. I shall not here go into 
the theory which he advances and illustrates by the figure L (p. tfi), 
for at the present state of our knowledge a theory that makes the 
primitive streak grow forwards from the posterior end is in my opinion 
not tenable. And if I understand Will aright, his theory has such a 
characteristic. Duval's observations alone would be enough to 
contradict such a theory, not to speak of many facts which have 
been brought forward in support of the concrescence-theory. I shall 
therefore here rather confine myself to the account which Will gives 
of the changes observable on the surface and in sections. And in this 
I confess to a sense of disappointment. A glance over his figures 
shows that he had before him 8ome significant stages very much 
resembling those I give in this paper. I refer more especially to those 
on his Taf. 3. But the explanation he gives of their nature seems to 
me to be wholly inadequate. He simply restates his views, just as I 
have given them in the earlier part of the foregoing article (pp. 8-10)y 
and explains everything by them. Thus, in his Figs. 22-27 j in which 
a narrow groove goes backwards from the posterior end of the 
medullary groove — very much like my Figs. 4 et seq. of the foregoing 
article, if we take away the yolk-plug at the posterior end of the 
primitive groove — he considers the primitive groove produced by the 
simple coming together of the blastopore lips, after the sinking below of 
the yolk'plng. Moreover, he considers that the primitive streak is 
posteriorly entirely surrounded by the medullary folds (p. 70) j and 
therefore all the changes, he describes, in the primitive streak takes 
place presumably within the medullary folds. He hcts therefore entirely 
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failed to notice either the posterior elongation of the primitive streak and 
groove or the backward movement of the yolk-phig. It would be raah in 
me to my how the course of events shi^pes itself in Lacerta in regard 
to these points, but that groove behind the medullary canal seen in 
Will's Figs. 22, 23, 24, 25, 26a, and 27a could only have been 
produced by a process similar in nature to that which I have described 
in the foregoing article for the tliree species of Chelonia. This 
conviction is all the more strengthened, because in his Fig. 25 a struct- 
ure which strongly reminds one of such a yolk-plug jis I have described 
in the foregoing article is visible at the posterior end of the primitive 
groove. Also in his Fig. 21, the posterior ends of the medullary 
folds embrace between themselves a wedge-shaped structure which can 
be nothing else than the yolk-plug. Will himself explains this by 
saying that the anterior halves of the primitive plate have come 
together faster than the posterior halves. I believe that if the posterior 
end of the primitive streak in such Lacerta embryos as are represented in 
Will's Figs 22-27a is critically examined, there will be found a yolk- 
plug, which, if not visible in surface-views, ought to be recognisiible in 
sections. As I have said in the foregoing article, the yolk-plug at such 
stages is very difficult to detect. In some Trionyx embryos, I could 
detect it only by turning them round and round in the direct sunlight 
or on clear bright days, when the light was reflected at a certain 
angle. It is possible that if I had not had comparatively clear pictures 
of Chelonia and Clemmys for comparison, I should never have 
suspected the existence of the yolk-plug in Trionyx which would thus 
have remained unknown to me. It seems to me that this consideration 
accounts for Will's failure to recognise the yolk-plug. As the ix)sterior 
elongation of the primitive groove is, however, well marked in Lacei'ta, 
as his figures show, the yolk-plug may perhaps be recognisable with 
comparative case, if once one looked for it. What I sim inclined 
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to suppose to be the course of development in Lacerta^ looking at 
Will's figures, is as follows : — After such a stage as his Fig. 16 is 
reached (in wliich Will is fortunate in having obtained an embryo 
with the yolk-plug with it« posterior boundary sharply defined), the 
blastopore lips press towards the median line, and at the same time, 
the posterior ends of the medullary folds reach the yolk-plug and 
embrace it between them. His Fig. 21 is probably at or near 
this stage. After this, the primitive streak and groove are poste- 
riorly elongated, and pari passu with it the yolk-plug which is 
always at the posterior end of the groove moves backwards. Will's 
Figs. 22-27a show diflFerent stages in the progress of this event. 

While I ain not thus accept Will's views in regard to the 
closure of the blastopore lips, I find his figures very clear and instruc- 
tive. They present a series of pictures which fall in well with the 
course of events I have described as occurring in the three species I 
have studied. 

Feb. 14, 1896. 
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PLATE I. 



(Chelonia caoxiana.) 

Fio. 1. — Dorsal view of an embryo of Chelonia caouana taken out 9i days after its 
deposition. The anterior amniotic fold is jast beginning to rise, bat 
has not yet covered the head. The dark median streak is caased chiefly 
by the notochord. The medullary folds have arisen in the neck-region. 
The horse-shoe shaped opening in the posterior part is the blastopore. 
For farther particulars see p. 17. Sections given in Series I (PI. IV). 
Zeiss. Art X 2. (B116) 

Fig. la. — ^Ventral view of the same embryo. The prominent transverse fold in the 
anterior part is the head. The ventral opening^ of the blastoporic passage 
is quite large, aa x 2. 

Fio. 2. — Dorsal view of an embryo of Chelonia caouana taken oat 10 days after its 
deposition. The amniotic fold has now covered the lateral parts of the 
head. The medullary folds have now arisen but are not closed. See 
p. 18. aa X 2. (A 3a) 

Fio. 8. — Dorsal view of an embryo of Chelonia caouana^ taken out 6i days after its 
deposition. The amnion has covered the anterior half of the embryo. 
The medullary canal is still open at the posterior end. See p. 20. 
aa X 2. (C 7a) 

Fig. 4. — Dorsal view of an embryo of Chelonia caouana taken out 6i days after its 
deposition. Two wing-like expansions on each side of the anterior dorsal 
region are the extra-embryonic ccelomic cavities. The amnion covers 
only the anterior half. The medullary canal is still open at the 
posterior darkened portion. See p. 21. aa x 2. (0 75) 

Fio. 5. — Dorsal view of an embryo of Chelonia caouana with 9 mesoblastic somites 
taken out 9^ days after its deposition. The amnion has extended itself 
over nearly the whole of the embryo, but leaves a small posterior portion 
still exposed. Pari passu with the amnion, the extra-embryonic coelomic 
cavities have also enlarged themselves. They come near together in 
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the median line over the mid-dorsal region, but diverge both anteriorly 
and posteriorly. The medullary canal is still open at the posterior 
darkened place. See p. 21. Sections given in Series Y (PI. V). 
aax2. (BlWx) 

Fio. 56. — Dorsal view of the posterior part of the same embryo under greater 
magnification. AA x 2. 

Fio. 6. — ^Dorsal view of the posterior part of another embryo taken out from the 
same deposit at the same time as that represented in Fig. 5. See p. 22. 
AAx2. (Biia) 

Fio. 7. — Dorsal view of an embryo of Chelonia caouana taken out 14 days after its 
deposition. The amnion leaves only the small postericn: portion of the 
embryo exposed. The extra-embryonic coelomic cavities touch each other 
in the median line over the anterior two thirds of the dorsal region, but 
diverge towards the posterior portion. See p. 28. aax2. (A 8 -♦ ) 

Fio. 8. — Dorsal view of an embryo of Chelonia caouana, with about 16 mesoblastio 
somites, taken out lOi days after its deposition. The amnion has not 
only covered the embryo, but extended itself as a tube some distance 
behind it. The extra-embryonic coelomic cavities diverge from each other 
towards the posterior end of the embryo. See p. 24. Sections in 
Series IX (PI. Vn). aax2. {Bl2-f) 
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PLATE II. 

(Chelonia caoiiana.J 

Pig. 5a, — ^Ventral view of the embryo of Chelonia caoxtana represented in Fig. 5. 

aax2 (B !!-.>) 

Fig. 8a. — ^Ventral view of the embryo of Chelonia caouana represented in Fig. 8* 

aax2. (Bl2-r) 

(Clemmys japonica,) 

8 

Fig. 9. — ^Dorsal view of an embryo of Clemmys japotiica taken out 8 days after it 
deposition. The amnion is jnst arising, and the medullary canal is open 
throughout. See p. 25. aax2. (XXXIV^ 

Fig. 10. — Dorsal view of an embryo of Clemmys japonica with 6 mesoblastio somites, 
taken out 4^^ days after its deposition. The amnion covers a little less 
than half the length of the embryo. See p. 25. Sections in Series 
m. (PI lY). oa X 2. (XXXXIX) 

Fig. 11. — Dorsal view of the posterior part of an embryo of Clemmys japonica with 
6-7 mesoblastio somites, taken out 5i days after its deposition. The 
amnion leaves only a small posterior portion of tlie embryo still exposed. 
The meduUary canal is still open at the posterior darkened portion. The 
two white lines which diverge posteriorly from the mid-dorsal region 
are the internal limits of the extra-embryonic cavities. See p. 25. 
AA X 2. (L ©) 

Fig. 12. — ^Dorsal view of the posterior part of an embryo of Clemmys japonica with 
6-7 mesoblastio somites, taken out 4 days after its deposition. The 
amnion leaves the posterior part still exposed. The medullary canal is 
now entirely closed. The white diverging lines on the mid-dorsal 
region are the internal limits of the extra-embryonic ccelomic cavities. 
See p. 26. AAx2. (LV) 

Fig. 18. — Dorsal view of the posterior part of an embryo of Clemmys japonica with 
6-7 mesoblastio somites, taken out 6 days after its deposition. The 
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medullary oanal entirely closed. The amnion and the ocelomic cavities 
as in Fig. 12. See p. 26. AAx2. (KXXYlUa) 

Fig. 14. — Dorsal view of the posterior part of an embryo of Clsmmys japonica with 
8-9 mesoblastio somites, taken out 6^ days after its deposition. See 
p. 27. .4.4x2. (LI /J) 

Fig. 15. — Dorsal view of an embryo of Clemmys japonica with about 18 mesoblastic 
somites, take out 8 days after its deposition. The amnion is produced in 
an elongated posterior tube. The internal limits of the extra-embryonic 
coelomic cavities diverge at* the posterior end ef the embryo proper, but 
the cavities tliemselves are now very large. See p. 27. Sections 
Series XI (PI. IX). aax2. (XXXXIII -f ) 

(Tnonyx japonicmj. 

Fig. 24. — Dorsal view of the posterior portion of an embryo of Tiionyx japonicm, 
taken out 7i days after its deposition. The internal limits of the extra- 
embryonic coelomic cavities diverge posteriorly but the cavities them- 
selves go clearly around the posterior hmit of the embryonic area. 
See p. 29. Sections Series VII (PI. VI). AAx2. (155 Q) 

Fig. 25a — ^Ventral view of the posterior portion of an embryo of Tnonyx japonicus 
whose dorsal view is given in Fig. 25 (PI. Ill), taken out 9^ days after 
its deposition. AAx2. (151 ffl) 

Fig. 26a. — Ventral view of the posterior portion of an embryo of Tnonyx japonicus^ 
whose dorsal view is given in Fig. 26 (PI. Ill), taken out lOi days after 
its deposition. AAx2. (157 S) 

(By an unfortunate mistake, this is marked Fig. 26 on the plate). 
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PLATE III. 



(Trionyx jaj)onicmJ, 

Fig. 16. — Dorsal view of an embryo of Trionix japonicuSy taken out 8 J days after its 
deposition. Tbe amnion is just beginning to cover the bead. The 
medullary folds arisen except in tbe posterior portion, and still wide 
open. See p. 17. A A x 2. (I26a) 

Fig. 16a — Ventral view of tbe same embryo. AAx2, 

Fig. 17. — Dorsal view of an embryo of THonyx japonicm, taken out 4 days after its 
deposition. Tbe amnion bas covered a part of tlie head. Tlie medullary 
folds wide open, showing tbe sinus rfiamboidalis in the posterior portion. 
For further particulars see p. 17. A A x 2. (lS6a) 

Fig. 18. — Dorsal view of au embi7o of Tiiomjx jajyonicm^ taken out 4 days after its 
deposition. Tbe bead is now covered by tbe amnion. The medullary 
canal is still wide open. See p. 17. Sections Series 11 (PI. lY). 
AAx2. (136^ 

EiG. 19. — Dorsal view of an embryo of Tiimyx japonicus with 4 mesoblastic somites, 
taken out 5i days after its deposition. Tbe amnion covers tbe bead and 
neck region. Tbe extra-embi^onic coelomic cavities appear wing-like on 
both sides of tbe anterior dorsal region. The medullary folds apposed 
but not fused. See p. 28. Sections Series IV (PL IV). AAx2. (I28a) 

Fig. 20. — Dorsal view of the posterior two-thirds of an embryo of Trionyx japcniicns 
with 6 mesoblastic somites, taken out 6^ days after its deposition. Tbe 
amnion still leaves tbe larger part of tbe dorsal region exposed. Tbe 
medullary canal closed. See p. 29. A A x2. (J36) 

Pig. 21. — Dorsal view of tbe posterior half of au embryo of Tiionyx japonicus with 7-8 
mesoblastic somites, taken out 1\ days after its deposition. Tbe idnnion 
leaves tbe posterior half of tbe dorsal region exposed. Tbe medullary 
canal closed. There is a slight artificial rent in the posterior edge of tlie 
amnion, a little to the left of tbe median line. Tbe white lines marking; 
tbe internal limits of the extra-embryonic calomic cavities meet over tlie 
mid-dorsal region but diverge i^steriorly. See p. 29. AAx2. (i*l ffl) 
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Fig. 22. — Dorsal view of the posterior half of an embryo of Triomjx japoniciis witli 
about 10 raesoblastic somites, taken out 8J days after its deposition. 
Similar to Contnb, II, PI. Ill, Figs. 19 and 19a. The amnion leaves 
only a small posterior portion expbsed. The white lines which mark the 
internal limits of the extra-embryonic ccelomic cavities are still wide apart 
even in the mid-dorsal region. They diverge posteriorly. See p. 29. 
Sections Series VI (PL V). J A x 2. (143 ffl) 

Fig. 28 — Dorsal view of the posterior half of an embryo of Tiionyx japonic us taken 
out Si days after its deposition. See p. 29. A A x 2. (1*2 Q) 

Fig. 25 — Dorsal view of tlie posterior portion of an embryo of Trionyxjaponicus with 
about 18 mesoblastic somites, taken out 9i days after its deposition. The 
white lines making the internal limits of the extra-embryonic ccelomic 
cavities diverge over the posterior portion df tlie embryo, but the cavities 
have now gone around the posterior outline of the embryonic region and 
fused into one behind the embryo. See p. 80. Sections Series VIII. 
(PI. VI). AAy.2. (161 ffl) 

EiG. 26. — Dorsal view of the posterior portion of an embryo of Trionyx japonicus 
with about 15 mesoblastic somites, taken out 10^ days after its 
deposition. The amnion has covered the entire embryo-body and ex- 
tended just one step fartlier posteriorly. The extra-embryonic ccelomic 
cavities have not yet extended into the posterior part of the amnion, but 
diverge at that point. They go clear around, and unite behind, the 
embryonic region. See p. 80. Sections Series XII. (PI. VIII). AAx2, 

(157 0) 
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Plate IV. 

Arabic numerala placed betweeo ©very two sections indicate the nnmber 

of sections that intervene between those two (ezclusiTe). 

Certain marks on the left of each section are for the identification of the 

sections and do not concern the reader. 

Series I. a-^. — Sections through an embryo of Chelonia caouana, with no mesoblastic 
somites ; taken out 9i days after deposition. Surface views given in 
Figs. 1 and 1^, PI. I. For detailed description, see p. 88. CCx 2. 

(B 116) 

Series II. a-h, — Sections through an embryo of Tnonyx japonicm with 2-8 meso- 
blastic somites, taken out 4 days after deposition. Surface view given in 
Fig. 18, PI, III. For detailed description, see p. 86. CCx 2. (136 « 

Series III. SL-m. — Sections through an embryo of Clemmys japmiica with 5 mesoblastic 
somites, taken out 4^ days after deposition. Surface view given in Fig. 
10, PI. II., {=^Contnb, II, PI. I, Figs. 2 and 2flf). For detailed description 
seep. 89. CCx2. (XXXXIX) 

Series IV. a-/. — Sections through an embryo of Tnonyx japoniais with 4 mesoblastic 
somites, taken out 6i days after deposition. Surface view in Fig. 19, 
PL III. (and also in Contrib, II, PI. HI., Figs. 17 and 17a.) For detailed 
description see p. 42. CC x 2. (128a) 
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Plate V. 

Arabic numeraU placed between every two sections indicate the number 

of sections that intervene between those two (exclusiTe). 

Certain marks on the left of each section are for the identification of the 

sections and do not concern the reader. 

Series V. a-A?. — Sections ttirough an embryo of Chelonia caouana with 9 mesoblastic 
somites, taken out 9i days after deposition. Surfieice views given in 
Figs. 6 (PI. I), 6rt (PI. II) and 66 (PI. I). For detailed description see 
p. 44. /)/)x2. (BU^n) 

Series VI. sl-J, — Sections tbrough an embryo of Tnonyx jajyonicus with about 10 
mesoblastic somites, taken out 8i days after deposition. Surface \iew 
given in Fig. 22, PI. Ill— also similar to Conttib, 11, PI. Ill, Figs. 19 
and 19a). For detailed description see p. 48. CC'x 2. (143 Q) 

Series VI. lon^, — Posterior portion of a longitudinal section through an embryo of 
Tnonyx jajxniicus taken out from the same deposit at the same time as 
that of the above series. DD x 2. (1« long.) 

The arrow indicates with its point the anterior end of the section. The 
lines marked g, A, t denote the planes through which the transverse 
sections marked by the same letters pass through. 
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Plate VI. 

Arabic numerals placed between every two sections indicate the number 

of sections that intervene between those two (exclusive). 

Certain marks on the left of each section are for the identification of the 

sections and do not concern the reader. 

Series VII. a. — Seotion through an embryo of Tnonyx japonicus taken out 71 days 
after deposition. SurfiB.ce view in Fig. 24 (PI. U), in general appear- 
ance very much like Figs. 22 or 28. For detailed description see p. 50. 
CCx2. (155 DJ 

Series VIII. a-^. — Sections through an embiyo of Tnonyx japonicus with about 18 
mesoblastic somites, taken out 9^ days after deposition. Surface view 
given in Fig. 25 (PI. III). For detailed description see p. 51. CCx 2. 

(161 m) 

Series XII. a~J, — Sections tlirough an embryo of Trionyx japonicus with about 15 

mesoblastic somites, taken out 10^ days after deposition. Surface views 

given in Figs. 26 (PL HI), and 26a (PI. II). For detailed description 

see p. 64. CCx2. (167 ffl) 

(7o«Z.'= Extra-embryonic coelomic cavities. 
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Plate VII. 

Arabic numerals placed between every two sections indicate the number 

of sections that intervene between those two (exclusive). 

Certain marks on the left of each section are for the identification of the 

sections and do not concern the reader. 

Series IX. a-/?. — Sections through an embryo of Chelonia caouana with about 16 
mesoblastic somites, taken out lOi days after deposition. Surface views 
given in Figs. 8 (PI. I) and 8« (PI. II). For detailed description see p. 
68. CCx2. (B12^) 

Sedgwick (*92) Fig. 1 — Embryo of Scyllium canicula^ 2i mm. in length. The hind 
end of the embryo is notched. The medullary groove is just beginning. 
The tail swellings of Balfoub are well marked. (Sedgwick p. 685). 

Sedgwick (*92) Fig. 2. — Embryo of liaja / sp., 4 mm. in length. The medullary 
groove is closed except at the hind end. The notched embryonic pai*t of 
the edge of the blastoderm has grown faster than the rest, and come to 
project over the surface of the yolk. The sides of this projection are 
already slightly bent veutralwards. They will eventually meet and form 
the ventral part of the caudal region of the body (Sedgwick p. 686). 
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Plate VIII. 

Arabic numerals placed between every two sections indicate the number 

of sections that intervene between those two (exclusive). 

Certain marks on the left of each section are for the identification of the 

sections and do not concern the reader. 

Series X. a-/7. — Sections tlirougb an embryo of Clemmys japonica witli about 10 
mesoblastic somites^ taken out 6i days after deposition. For detailed 
descnption, see p. 67. CCx2. (LI B) 

(llie numefal between k and I should be 4 instead of 5.) 
Series X. lon^, —Posterior portion of a longitudinal section tbrougb an embryo of 
Trionyx japonicus, taken out from tbe same deposit at tbe same time as 
tbat of Series X. CO x 2. (LI long) 

Epihl, = Epiblast. Mesobl. = Mesoblast. 

HypobL = Hypoblast. MediilL Canal. = Medullary canal. 

Tbe lines e-k denote tbe planes tbrougb wbicb tbe transverse sections 
marked by Uie same letters pass tbrougb. 
Series XII. long, — Posterior portion of a longitudinal section tlirougb an embryo of 
THonyx japonicusy taken out from tbe same deposit at tbe same time as 
tliat of Series XII, (PL VI). CO x 2. (167 long) 

^^mn=Amnion b, v. = Bloodvessels. 

(7oeZ.'=:Extra-embryonic ooelomic cavity, yk. =^ Yolk. 
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Plate IX. 

^ Arabic numerals placed between every two sections indicate the number 
of sections that intervene between those two (exclusive). 
Certain marks on the left of each section are for the identification of the 
sections and do not concern the reader. 

Series XI. a-o. — Sections through au embryo of Clemmys japoiiica with about 18 
mesoblastic somites, taken out 8 days after deposition. Surface view 
Hke Fig. 16 (PL II), For detailed description see p. 60. CCx 2. 

(XXXXIII ®) 
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Plate X. 

Arabic numerals placed between every two sections indicate the nninber 

of sections that intervene between those two (exclusive). . 
Certain marks on the left of each section are for the identification of the 
sections and do not concern the reader. 

Series XIII. a-/. — Sections through an embryo of Chelonia caouana^ with about 18- 
19 mesoblastic somites, taken out 11^ days after deposition ; in general 
appearance very much like the Clemmya embryo given in Fig. 16. For 
detailed description see p. Q^, C'Cx 2. (B 18 p ) 

Series XIII. AW. — The fourth section behind / hi the above series, shows the remnant 
of the yolk-plug. For detailed description see p. 67. DT) x 2. 

Amm, cav.=- Amniotic cavity. 

CoeV= Extra-embryonic body-cavi ty . 

Coag, wflrw=Coagulated mass. 

i?^j6/.=Epiblast. 

MesohL^= Mesoblast. 

Sero-Amn, Crwiw.=Sero-amniotic connection. 

DlAORAHS I-IX. 

Diag. I-IV show the course of development in Elasmobranchii. 
Diag. V-IX show the courae of development in Chelonia. 
For detailed description see p. 101 et seq. 

Ym. l=Primary yolk-mass. 

Ym. 2=Secoudary yolk-mass. 
Diag. lY^ shows the tail part in IV on a larger scale. 
Diag. IXrt „ „ IX „ 
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Plate XI. 

Arabic numerals placed between every two sections indicate the number 

of sections that intervene between those two (exclusive). 

Certain marks on the left of each section are for the identification of the 

sections and do not concern the reader. 

Series XVI. a-Z. — Sections through an advanced embryo of Chelonia caouana taken 
out 16 days after deposition, with five gill slits all formed, the cranial 
flexure well marked, and tlie appendages knob-like. About the stage of 
Contrih II, Fig. 11 and 11a. For detailed description see. p. 68. a-p 
artx2; q-z AAy.2. (^7o) 

Sero'Amn, Conn — Sero-amniotic connection. 

CoeV = Extra-embryonic body-cavity. 
(The numeral between j and k should read instead of 6.) 
Series XIV. k' — The ventral median part of tlie tail in Section k in tlie above series 

more highly magnified. DD x 4. 
Series XIV. r — The ventral median part of the tail in Section I in the above series 
more highly magnified. DD x 4. 

Hyp. = Hypoblast. 

Mes, = Mesoblast. 

Epi. = Epiblast. 
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Ueber eine in Misaki vorkommende 
Art von Ephelota und tiber ihre Sporenbildung. 

von 

Dr. C. Ishikawa. 

Professor der Zoologie an der Kaiserlicben Uuivei*sitat zu T5ky5. 



Hierzu Tafeln XII und Xm. 



Wahrend eines kurzen Aufenthalts in der marinen Station des 
„ Science College " in Misaki am Ende vorigen Jahres, hatteich 
Gelegenheit, grossere Exemplare einer Epludotanxt zu beobachten, 
welche in Milliarden auf den flottierenden Blattern, Stielchen, Luftbe- 
haltern u.s.w. einer Sargassumart vorkommt die in den Wintermonaten 
in einer kleinen Bucht auf der Ost^eite der Meerestrasse zwischen unserer 
Station und der kleinen Insel J o "fash i ma wachst. Diese ziemlich 



'o* 



grossen Thierchen sind gelb-rotlicli gefarbt und man kann sie leicht 
mit unbewaffnetten Augen von dem Kahne aus beobachten, wie sie auf 
den flottierenden Algeblattern sitzen. Sie sehen wie kleine Kopfchen 
von Htjdroidpolypen aus, mit dem man leicht verwechseln kann, wie 
ich sie anfanffs auch fiir solche o:ehalten habe. 

A. Beschreibuxg des EmvAciisEXEN Thiers. 

Die Gestalt des Korpers i.-^t recht verschieden. In vollig aus- 
gestrecktem Zustaode gleicht das Thier, von den Seiten angesehen, 
einem etwas plat tgedriick ten Hexagon ; die Oberseite ist breiter wie 
die untere, wo es sich in ein langes Stielchen fortsetzt. 
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1) Das Ectoplasraa erscheint im lebenden Individuum als eine 
diiane, darchsichtige, kornchenfreie Zone. In gut conservierten 
Exemplaren kann man in dieser Zone drei Schichten unterscheiden ; 
a, eine aussere diinne, hyaline Schicht ; b, eine mittlere stark mit 
EisenlackhsBmatoxylin farbbare membranose Schicht ; und c, eine 
innere auch diinne, hyaline Schicht, die ohne bestimmbare Greuzen in 
das Endoplasma tibergeht. Die zwei ausseren dieser Schichten 
entsprechen der Pellicula der Autoren, wahrend die innerste dein 
Corticalplasma. In der aussersten Schicht findet man eine grosse 
Zahl von stabchenahnlichen Gebilden (Fig. 4b), die auf dem Durch- 
schnitte des Korpers wie eine Reihe von Granula aussehen (Fig. 2a, b, 
und 4a). Diese Stabchen sind aber nicht gleichmassig Uber die ganze 
Oberflache des Korpers vertheilt, sondern alternierend in dichteren 
und dilnneren Streifen, wie man in Fig. 4b deutlich sieht. Auch die 
einzelnen Stabchen liegen nicht in beliebiger Richtung, sondern die 
meisten liegen in der Langsrichtung des Korpers. Von der Bedeutung 

dieser Gebilde kann ich ebensowenig sagen wie meine Vorganger ; es 

» 

scheint aber, dass sie nichts zu thun haben mit einer Alveolarschicht 
unter der Pellicula wie Butschli (3) vermuthet, da man wie gesagt 
eine deutliche Membran zwischenden Stabchen und daruuterliegenden 
Corticalplasma zu unterscheiden pflegt (Fig. 4a). 

2) Das Endoplasma enthalt wie in alien verwandten Arten 
zahlreiche gefarbte und ungefarbte Kornchen von wechselnder Grosse 
und Gestalt. Die gefarbten Kornchen sind meistens von einem gelbli- 
chen oder rothlichen Br.iun, viele darunter aber mit blaulichem Ton. 
Behandelt wurde das Thierchen mit Eisenlackhaematoxylin, viele der 
Kornchen zeichnen sich durch starke Farbbarkeit aus, so dass sie fiist 
so aussehen wie die Chromatinblockchen in dem Kern. Auch die 
Osmiumsaure 'verschwarzt einige dieser Kornchen wie man an den 
mit Flemming's Fliissigkeit fixierten Exemplaren leicht erkennen 
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kann. Das Endoplasma enthalt auch viele Vacuolen von verschiedener 
GroHse. Diese stehen in der apicalen Flache des Korpers bo dicht 
nebeneinander, daas sie dem Protoplasinsi ein schaumiges Ausseheu 
verleihen (Fig. 3). Sie siiid aber nicht auf der ganzeu FJache zerbtreut, 
sondern zii einem Kranz an den Saugtentjikelnreihe angeordnet. Eine 
Reihe von grosseren Vacuolen findet man unter dem Corticalplasma 
zwischen der Basis der zweiten Tentakeln (t^) am apicalen Zweidritt- 
theil des Korpers (Fig. 2, 3, 4, 10, 13 und 15). Ueber die Contrak- 
tilitat der Vacuolen habe ich keine sicheren Beobichtungen gemacht, 
obwohl einige dieser grosseren Vacuolen sehr langsam sich zu con- 
trahieren scheinen. 

3) Von den Tentakeln lassen sich fUnf Gruppen unterscheiden. 
Eine Reihe von sehr langen Greiftentakeln (Fig. 1, t^) steht am 
obersten Rand des Korpers, eine zweite am mitteren (Fig. 1, t*), eine 
dritte Reihe von kleineren Tentjikelu findet man am Basalende des 
Korpers um den Stiel. Innerhalb der ersten Tentakelnreihe findet 
man eine Gruppe von Saugtenteikein (t*), auch zu einem Kranz 
angeordnet. Zwischen diesen anderen stehen ganz vereinzelt 
kleinere Tentakeln, die ich als Tentakeln V bezeichnen mochte (t*). 
Die zwei grossen Greiftentakeln (t* und t^) verhalten sich ahnlich in 
ihrer Uewegungsart ; sie lassen sich aber in morphologischer Hinsicht, 
in ihrer Grosse und besonders in dem Aufbau ihrer basalen Endes, 
leicht von einander zu unterscheiden. Was ihre Lange betrifft, so 
vermogen die apicalen Tentakeln (f) in ihren vollig au«gestreckten 
Zustande eindritt- bis einhalbmal die Lange zu erreichen wie die 
mittleren (t^) im gleichen Zustande. Mit dem kiirzeren Durchmesser 
des Korpers, sind die ersteren zwei-bis dreimal so lang. An der Basis 
unterscheiden sich beide Tenbikeln von einander djidurch, dass die 
unteren (t^), gleich wie die Tentakeln mehrerer anderen verwandten 
Arten, plotzlich aus der Oberflache des Korpers entspringen, wahrend die 
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Tentakeln der oberen Reihe eine juehr verdickte Basis besitzen, etwa 
wie die Basalstilcke der von Claparede uiid Lachmann (4, 6) 
beobachteteii Tentakeln von Tokophrt/a Troldj wenn auch in unserer 
Art der feinere Endtheil allmahlig zu dem verdickten Basaltheile 
llbergeht. Die Zahl der beiden Tentakeln beziffert sich in grosseren 
Exemplaren auf dreizig bis vierzig. Die dritte Reihe der Tentakeln 
(f) entspringen, wie gesagt, um die Hasalflache des Kor|)er8 ganz um 
die Stielchen, wo der Korper ntark eingewolbt ist (Fig. 2, 3). Diese 
Tentakeln sind kiirzer iind viel dUnner wie die beiden anderen. Die 
Saugtentakeln die man innerhalb der Tentakeln I zu finden sind, sind 
in zwei bis drei Reihen angeordnet (Fig. 1, 2, 3 und 4 t^). Dieselben 
sind kurz iind dick wie in alien anderen Arten der Gattiing, und jeder 
von dieser endet in eineni deutlichen Knopf. 

Der feinere Bau der Tentakeln weicht wesentlich von den bis jetzt 
beobachteten Fallen ab, oder vielmehr wir konnen jetzt, dank dem 
gi*08sen Fortschritt der modernen Technik, den feineren Bau der 
Tentakeln viel genauer ermitteln wie es in friiheren Zeiten der Fall 
war. Alle Tentjikeln sind von der obenerwahnten ausseren Schicht 
des Ectoplasmas umgeben bis zur ihrem extremen Ende, nur sind 
sie nicht von den Stabchen begleitet (Fig. 2a, b und 4a). liesonders 
deutlich treten die Verhaltnisse in Fig. 2c hervor. Es verlohnt sich 
aber den Fall naher zu erklaren, den ich in Fig. 2a dargestellt habe. 
Diese Figur macht auf den Beobachter den Eindruck als ob das ganze 
Ectoplasma von dem Tentakel durchbohrt ist, wie R. Heutwig (5, 3) bei 
seiner Ephtlota gemmtpara vermuthet. Auch ich habe einen ahn lichen 
Eindruck bekommen, als ich zum ersten Mai das Praparat sah ; 
genauere lieobjichtungen zeigten mir aber, dass dieses nicht der Fall 
ist. Die Tentakelbasis ist stark eingestUlpt, wie auch an dem Schnitt 
Fiof. 5 zu sehen ist. Die Ifedeckunof mit der aussersten Schicht des 
Ectopl.ismiis auf der ganzen Lange des Tentakels ist vermutlich auch 
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in der europaischcn Ephelota gewmipara der Fall, «nd Butschli 
(3) hut dii8 Richtige getroffen, wenn er das Vorhandensein einer 
dUnnen Pelliculaschicht, unter Aufgabe der Ansicht von der Stabchen- 
structur, bis zu den Ende der Tentakelii auch in jener Art vermiithet. 

In Innern der Tentakeln findet man Fadenstructuren die 
in den beiden grossen Greif^entakeln (t^ nnd t') gleich 
stark entwickelt sind. Diese Faden bestehen in den 
beiden Tentakeln aus vier parallel-laufenden Streifen, 
jede dieser wieder aus zwei feineren znsammengesetzt 
(Fig. 2 nnd 3, besonders deutlich in Fig. 2a). Die vier Kadeii dieser 
Tentakeln sind nicht zu einem runden Biindel vereinigt, sondern sie 
liegen in einer Reihe senkrecht ziir Horizon talebene des Korpers wie 
man aus den Figuren 2, 3, 4 und 5 deutlich sieht. Deuientsprechend 
ist der Durchschnitt dieser Tentjikeln hicht rnnd, sondern eine lang- 
gezogene Ellipse. Diese Faden, wenn einnial erkannt, kann man anch 
in lebenden Exemplaren als hyaline Streifen im Inneren der Tentakeln 
beobjichten. Besonders schon und deutlich treten sie, aber, in 
dem mit FLEMMiNo'scher Fliissigkeit wnservierten und mit Eisen- 
lackhaematoxylin gefarbten Prapiniten hervor, indeni 'sie als sehr 
dunkel gefarbte Faden erscheinen. In solchen Praparaten (Fig. 2, 3, 
4 und 5) kann man die Faden ins Innere dea 6'«ctotakorpers 
verfolgen. Die Fadenbiindel der beiden Tentakeln stehen alternierend 
und kreuzen sich mit einander in der Ebene ein wenig unterhalb der 
Jiasis der Tenfcikeln II (vergleiche Figuren 2 und 3 mit dem Fig. 5), 
aber sie stehen nicht mit einander in Verbindung. Wie tief aber diese 
Faden ins Innere de« Korpers hineindringen und wie sie endigen, sind 
Punkte die ich mit Bestimmtheit nicht entscheiden konnte. Sicher 
ist es aber, dass diejenigen der TeuUikeln [ (t*) in schrager Richtung 
bis zur Basis des Korpers laufen, um dort in knaueliormigen Massen 
zu endigen (Fig. 3). Diejenigen der Tentakeln II (t^) kann man in 
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Querschnitten (Fig, 3) bis zur Mitte des Korpers, und ziiweilen auch 
noch weiter, verfolgen. Ob diese aber init einander zu einein Netze 
verbunden sind, bleibt dahingestellt. In einem PrSparat glaubte ich 
eine solche Structur vor mir gebabt zu habeu, die betrefFende Scbnitt 
war aber ^o dick, dass man leicht die ubereinander liegenden Faden 
mit einem Netze verwechsein kann. Anch die knanelformigen Enden 
der Faden der zweiten Tentakein erscheinen in vielen Fallen zu einem 
Xetze verbunden zu sein. 

Aehnliche Fadenstructuren findet man nuch in den zwei anderen 
Tentjikelarten — in den Basaltentakeln und in den vereinzelten 
Tentakein zwischen den anderen. Diese sind aber von uiil^edeutender 
Grosse und auch in weit geringerer Zahl vorhanden, nur einer oder 
zwei in jerlen Tentakel (Fig. 2 und 3 t^ und t*). Die gleichen Gebilde 
scheinen in den Saugtentjikeln zu einem Rohrchen umgewandelt zu 
sein, wie man ganz deutlich in Fig. 2, 2c und 3 sieht. In Fig. 4 
sieht man Querschnitte dieser Rohrchen wie sie im Irmern des Korpers 
liegen (Fig. 4t*). In vielen Fallen kann man diese Rohrchen bis 
nahe zur Basis des Ivor[)ers verfolgen (Fig. 3). Ob aber alle diese 
Rohrchen so^weit in den Kor|>er eindringen, bleibt noch zu erforschen. 
Auch die Endigungsmodi dieser Rohrchen muss ich leider unbestimmt 
lassen. 

Die Frage wie die Tentakein aus dem Korper des Thieres 
hinaustret^n, glaube ich in vielen Fallen beantworten zu konnen. An 
der Biisis der Tentakein findet man ein deutliches Loch in der Pel- 
liculamembran, durch das die Tentiikein hinaustreten (Fig. 2b 
und 2c). Ich halte deswegen die Ifeobachtung Hertwig's fiir das 
Richtige, wenn er die Pellicula seiner Ephelotanvt als durchbohrt 
darzustellen suchte (5, 3). 

4) In der Ebene die durch die liasis der Tentakein II geht, 
findet man im Innern des K6r|)ers einen Kranz von faserigen 
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Gebilden die zwischen den Tentakeln II verlaufen und so die 
Biisaltheile derselben verbindet. Einen Schnitt diirch diese Ebene 
habe ich in Fig. 5 darzustellen gesucht. Fig. 2 zeigt einen Lings- 
schnitt nahe der einen Seite des Korpers. In diesem Schnitt sieht 
man ganz deutlich die durchschnittenen Stiicke der Tentjikelbasis II, 
und dazwischen einen breiten Band dieser F«isern, welcher links und 
rechts durchschnitten ist (Fig. 2f). In deni medianen Langsschnitt 
der Fig. 3 wurde dieser Faserkranz in zwei Querschnitten (f) 
angetroffen. Die physiologische liedeutung dieser Faserchen ist 
nicht schwer zu errathen. Sie dienen gewiss als Stiitze fiir die 
Festhaltung der Tentakeln, gerade wie ein mit Schnilren verbundener 
Hacken. 

5) Der Nucleus zeigt keine liesonderheiten der Art. Er ist wie 
bei Ephelota gemmipara ein ringformiger Korper von betrachtlicher 
Grosse mit vielen oberen und unteren Auswachsen, die manchmai 
sich noch weiter verzweigen. Auch kurze horizontale Zweige, wenn 
auch in geringer Zahl, werden von dem ringformigen Mittelstiick 
ausofesendet. Das rinfffbrmiofe mittelere Stiick des Nucleus liefft 
horizontal ungefahr in der Mitte des Korpers unter den Wurzeln der 
Tentakeln 11, und umschliessen diejenigen der Tentakeln I. Die 
oberen Zweige steigen schrag nach oben um die Aussenseite des 
ringformigen Faserbandes zwischen den Wurzeln der Tentakeln II, 
und so in der Ebene mit den Wurzeln der Tentakeln I (Fig. 3 und 5). 
In dein lebenden Thierchen kann man den Kern nicht leicht beobachten, 
da der Korper ganz mit gefUrbten KOrnchen gefiillt ist. Ffirbt man 
das Thierchen aber mit Reagentien, so tritt die Grundsubstanz des 
Kernes als homogene Masse hervor, worin man zahlreiche Chromatin- 
blockchen erkennen kann. Diese letztere sind von verschiedener 
Grosse und Gestalt. Meistens sind sie oval oder langlichoval, zuweilen 
aber auch wurstforniig, stark gekriimmt oder auch eckig. l?ehandelt 
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man den Schnitt mit Eisenlackha?matoxylin, so 'fkrben sich die 
Chromatinblockchen ganz schwarz, wahrend dieGmndsubstanzgraulich 
erscheint. Mit Safranin-Hsematoxylin oder mit Safranin- Orange 
nimmt das Chromatin die Safraiiinfarbe an, wahrend die Grundsubstanz 
sich mit Hematoxylin oder mit Orange tingirt. Keine Streifungen 
der Grundsubstanz warden in den ruhenden Kerne beobachtet. 

Au«ser diesem Kern, den wir mit BCtschli (3) als d:is 
Aequivalent den Grosskerii.s der Ciliaten ansehen konnen, finden wir in 
vielen Exemplaren kleine ruiidliche Gebilde nahe dem Mittelstlick des 
Kernes liegend, die gerade ^o aussehen wie einzelne Chromatin- 
blockchen (Solche findet man unter den etwas schief liegenden KernstUck 
rechts von der Mittellinie im Schnitt Fig. 3). In dein mit Flem- 
MiNG*8cher Fliissigkeit fixierten Prap.irat lassen die«e Gebilde sich 
schwer von den sonstigen Kornchen des Endopla.sinas unterscheiden, 
da einige von den letzteren wie gesiigt sehr nturk mit O.smiumsaure 
geschwarzt wurden, so dass sie sehr leicht verwechselt werden konnen. 
Immerhin aber sind sie durch den Farbenton von den Fettkor[)erchen 
zu unterscheiden, wenn man sie genau betrachtet. In Siiblimat- 
Essigsaure Praparaten wo die meisten Endophismagranulagewohnlich 
verschwinden, findet man die fraglichen Gebilde ganz deutlich 
hervortretend. Diese Lassen sich al)er wie gesagt nicht in alien 
Praparaten nachzuweisen. Demnach kann man nicht mit aller Sicher- 
heit schliessen, dass sie den Micronuclei der CiluUen entsprechen, 
obwohl efl sehr wahrscheinlich ist. Alle lieinuhungen die Theiluogs- 
phtenomene dieser Gebilde zu beobachten, wodurch man die sichere 
Beweise ihrer micron uclearen Natur bekommen konnte, waren 
vergebens. Nur vereinzelt traf ich diese Gebilde in den sich in 
Knospung begriffenen Exemplaren, aber alle diese waren auch im 
ruhenden (?) Zustande vorhanden (Fig, Un?). 

6) Der Stiel erreicht in vielen Exemplaren zwei bis dreimal die 
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Korperlange iind i^t am apicalen Ende, wo er mit dem Korper znsam- 
menhUngt, stark verdickt (Fig, 1, 3 und 4). Er verjiingt sich 
allmahlig nacli seinem distalen Ende, wo er in einer, mit einem 
verdickten Rand versehenen, membranosen Scheibe endigf. Diese 
Scheiben lassen sicVi intensiv mit Carmin farben, wie Hertwig 
(5, 3) schon beobachtete. Eine Anzahl von stabchenahnlichen 
Structuren wnrde aiich an dem Scheibenrand beobachtet, gerade so wie 
bei HERTWic/schen Kxemplaren. Jedoch balte ich die Scbeibe nicht 
filr ein Product des vemnderten Perisarc des Ht/droiJeukbrpem wie 
Hertwig, sondern ich glaiibe, das.s sie ein Aquivalent i^t fiir die 
bjisale liefestigung.sscheibe der Vorticellinitlen, da bei unserer Art, die 
nicht aiif einem i///<</o?tikorper sitzt wie ^einige, die Scheibe sich wie 
gesjigt gut mit Carmin farben Jasst. Heweiskraftig fur diese Ansicht 
ist aber das Vorhimdensein einer sehr gut entwickelten Scheibe mit 
stark verdicktem Rand am basalen Ende des frei im Wasser hervor- 
ragenden Stiels in jungen Thierchen wie wir in Figuren 14 und 19 
sehen ; desshalb schliesse ich mich ganz Maupas an (7), wenn er 
den Rinff als die in Snctonen vermissten Basalscheibe der Vorticel' 
liniden betrachtet. 

Von den feineren Structuren des Stieles vermag ich nichts neues 
anzugeben. Er besteht aus einer hyalinen structurlosen Hautschicht 
und einer relativ dicken Markschicht, welche letztere feine Langs-und 
ferner nicht sehr deutliche Querstreifungen zeigt. Mitten durch die 
Markschicht bemerkt man in jungen Thierchen einen geraumigen 
Kanal, der aber in vielen erwachsenen Thieren ganz zu verschwinden 
scheint (vergleiche Fig. 16 mit den Langsschnitten Fig. 3). 

7) Der grosste Liingendurchmesser eines wohi entwickelten 
Thieres ma.ss 0.20 mm; der grosste Querdurchmesser 0.25 mm. 
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B. DiK SlH)RKXBILDIING. 



1) Die l)ewim[)erteu Sproaslinge entstehen in Allgemeinen 
ebenso wie bei Ephelota gemmipam. Die erste Verandening geht wie 
dort in dem apicjilen Eade der aufsteigendeii Zweige des Kernes vor 
sich. Wenn die Sprosslinge wachsen, so nehinen sie gewohnlich eine 
elliptische Gestalt an mit einer sbirk ausgeholten Seite. An dieser 
Seite, die der Medianachse des Mutterkorpers zugekehrt ist, findet man 
eine reichliche Bewimpercing (Fig. 7, S, !), 10 und 12), wie bei 
jener. Diese Sprosslinge weichen aber von denen der 
europaischen darin ab, dass bei unserer, die Greif-sowie 
Saugtentakeln nchon auf ihrer Aussenseite beobachtet 
werden, wenn sie nocli nicht von dem Mutterkorper 
losgelost sind (Fig. 10), wahrend die frei-schwimmenden 
Sprosslinge von Ephelota (jemmipam tentakellos sind. In 
seiner sonstigen Gesbilt sfinimt der einzelne Sprossling fast mit der 
von Ephelota (jemmipara iiberein; vielleicht ist es ein wenig dicker. 
Auch ist die ventnil Vertiefung ungefehr dieselbe wie bei jener Art 
(Fig. 7, 8 und 9), nur die tiefsten Stelle, wo die Stielanlage sich ent- 
wickelt, liegt nicht am vorderne Ende des Korpers, sondern etwa in 
der Mitte (Fig. 12). Diese Stielanlage stellt sich zuerst als eine 
rundliche Vertiefung an der betreffenden Stelle des Korpers dar, und 
zeichnet sich durch stiirke Farbbarkeit des umgebenden Korperplasmas 
aus, gerade so wie die basale Scheibe des fertigen Stiels, ein Umstand 
der ebenfalls fiir die oben besprochene Natur des Stielendes spricht. 
In Sprosslingen, die eben vom Mutterkorper losgelost sind, und die 
im Wasser herumschwimmen, kann man die Stielanlage nicht beo- 
bachten. Conserviert man aber solche Sprosslinge mit irgendwelchen 
Reaofentien, so tritt die Stielanlao:e durch ihre intensive Farbaufnahme 
deutlich hervor. Ein in Fig. 6 dargelegter Sprossling representiert 
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eine von den drei Sporen, nach Behandlung init Schneider's 
Elssigsaurecarmin. Dasselbe wurde bei gleicher Vergrossening abge- 
zeichnet wie die drei lebendigen (Fig. 7, 8 und 9), ist aber stark diirch 
die Essigsaiire gequollen und aiieh durch dein Deckglass abgeflacht. 
Die Greif-sowie die Saugtentakeln, den Kern und die zwei gros«en 
Vacuolen nieht man sehr deutlich, besonders aber das kurze Stielchen 
in der ventralen Vertiefung und an dessen freien Ende eine mit 
Carmin stark gefarbten Scheibe, an deren verdicktem Rand ein 
ziemlich langer Wimperkranz (w k) hervortritt. An in Flemming's 
Flussigkeit conservierten und mit Pikrocarmin gefarbten Praparaten 
kann man bei geeigneter Tubuseinsteliung diese sammtlichen Gebilde 
ebenfalls beobachten, natiirlicb aber nicbt so deutlich und auch nicht 
alle in einem Ebene wie bei jenem. 

Die grosste Zahl der Sprosslinge babe ich auf zwolf geschatzt, 
die kleinste auf vier. 

2) Die Stiel-tnigende Spore. 

Die Sprosslinge, die wir soeben geschildert haben, schwimmen 
mittelat ihrer Cilien im Wasser umber, sobald sie von den Mutterkorper 
losgelost sind. Es findet sich aber bei unseren Thierchen 
noch eine zweite Art von Sprosslinge, welche die ganze 
Gestalt des erwachsenen Individuums annehmen, wenn 
sie noch mit dem Mutterkorper zusammenhangen. In 
ihrer ersten Anlage zeichiien sich diese Sporen durch keine liesonder- 
heiten von den anderen aus. In gleich grossen Sprosslingen beiden 
Arten findet man aber einen erheblichen Unterschied in ihren Tentakeln, 
Cilien und insbesondere in den Stielchen wie man auf Fiff. 10 und 19 
ganz deutlich beobachten kann. Wie man aus den Figuren 12 und 
16 ersieht, sind alle Tentsikeln schon wohl entwickelt, und auch diese 
haben die namliche Stellung wie beim erwachsenen Thiere. Nur die 
Tentakeln III vermissen wir in diesen beiden Figuren. Das sie aber 
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ebenfalls vorhanden sind, und nur dein Geaichtfeld verborgen bleilien, 
zeigen die Schnitte, die vvir in den Figuren 13, 15, 17 und 18 repre- 
sentiert haben. Dagegen die Cilien, die wir so entwickelt in anderen 
S|)oren am ihrer ventralen Flache beobachten konnen, sind in unseren 
Exemplnren bei gleicher Vergrosserung kaum zu .sehen. liei Zeiss' 
Objectiv D mit dem Ocular 2, wobei wir in den anderen Sporen die 
Cilien ganz deutlich beobichten konnen, sind sie in diesen Sprosslingen 
nicht oder nur sehr schwer wahrzunelinien. Schon aber mit dem 
Ocular 4 kann man die Itewimperung gut erkennen, wie wir sie «uf 
dem Fig. 16 dargestellt haljen. Das sie aber betrachtlich kleiner sind, 
zeigen auch die Figuren 10, 16 und 17. Von bes<)nderem Interesse 
ist aber diis Vorhandensein eines wohlentwickelten Stieles in diesem 
Sprossling wie man ihn in den Figuren 14, 14a, 15, 16, 17 und 19 
dargestellt findet. Die Anfangsstadien dieser Stielchen habe icli leider 
nicht beobachtet; dass sie aber viel friiher entwickelt sind wie bei den 
anderen Sprosslingen, zeigen auch die Figuren 10 und ID, wo bei den 
Sprosslingen, die wir in Fig. 10 dargelegt haben, nur eineganz kleine 
Stielanlage entwickelt ist, wahrend in den beiden Sprosslingen der 
Fig. 19 sie beinahe zweimal die Korperlange erreicht. Der 
Wimperkranz auf dem freien Stielende dieser Sprosslinge ist aber 
ebensogut entwickelt, wie bei ungestielten Six)ren. In lebenden 
Thierchen kann man die schwache liewegung dieser Wimj^rn beo- 
l^achten. Sie scheinen sehr klebrig zu sein, da wir sehr oft beobachtet 
haben, wie allerlei Schmutz daran angeklebt ist (Fig. 17). Ob sie 
aber zu stslbchenahnlichen Gebilden auf dem Stielende des erwachsenen 
Thieres direkt umgewandelt werden, muss eiue offene Frage bleiben^ 
da ich keine lieobachtungen iiber ihre Umwandlung machen konnte. 

Die Stielchen wachsen senkrecht zu der dorso- ventralen Achse des 
Mutterkorpei-s wie man aus der Stellung der Sprosslinge wohl 
erschliessen kann, nie bleiben aber in dieser Stellung nur so lang, als 
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sie in dem c^eiitralen freien Raum Flatz finden. Werden sie aber 
langer, so koniien sie in dieser Richtung nicht mehr wachsen. In 
Folge de^nen biegen sie nach oben um, wie man in den Figuren 14, 
15, 16 und 18 ganz schon beobachten kann. Eine sehr interessante 
Thatsache in dieser Beziehung ist die, dass auch in solchen Fftllen, wo 
die Zahl der Sprosslinge sehr klein ist, und ein weiter Raum filr die 
gerade Ausstrecknng des Stieles frei bleibt, die Stielchen doch in der 
namlichen Richtung umbiegen, wie man aus der Fig. 19 erkennt. 
Angesichts solcher Thatsachen miissen wir annehmen, djiss d.as 
[Imbienren des Stieles zuerst durch solche Ursachen veranlasst war, 
wie ich oben angegeben habe, dass aber in hmgen (xenerationen dieser 
Umstand in der Species so fixiert wurde, dass die Stielchen sich audi 
umbiegen, wenn sie keine Hindernisse fur ihre weitere EntwickJung 
vorfinden. 

Die Zahl dieser Six)reu ist etenso Aeuderungen unterworfen wie 
die der anderen, je nach der Grosse des Mutterthiei's. Die grosste 
Zahl, welche ich beobachtet habe, l)etragt sechszehn (Fig. 14 und 14a), 
die kleinste nur eine. Zwischen diesen l)eiden Extremen kommen alle 
moglichen Uebergange vor. Ueber die Lostrennung dieser Sprosslinge 
kouiite ich leider nichts beobachten. Die Maximalgrosse des Spross- 
linge, ehe sie sich vom Mutferkorper loslost, kann ich daher auch nicht 
angeben. fch glanbe aber, dass sie nicht betrachtlich, von derjenigen 
die wir in Fig. 11) angegel)en haben, abweicht. 

3) Die Bildung der stieltragenden Sprosslinge, die wir soeben 
geschildert haten, ist von 1)esonderem Interesse, da keine analogen 
Falle bis jetzt in der ganzen Unterklasse der Suctoria beobachtet 
wurden. Ein einziger ahnlicher Fall, der mir bekannt ist, riihrt 
von C. RoBix (8, 3) her, der, nach der werthvollen Schilderung 
0. HuTSCHLi's in seinem grossen Protozoen Werke, ,, bei Ephdota 
^^?m/??para gelegentl ich apicale Knospen (1-1) Imolmchtet haben will. 
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welche keine Cilien entwickelten und uuch nicht die chanikteristische 
Grestalt der SchwUrmer annahmen, sondern niedere, cylindrische Form 
und kurze bis latigere Tentsikel besiisseti. Aliinahlich 8c)llen .sich diese 
Knospen verlangern und vom Mutterkorpermehr abschniiren ; schliess- 
lich entwickelteii sie an ihi*eni lJa«alende einen kurzen, homogenen 
und farblosen Stiel, mit dem «ie der Ephelotn aufsassen." Butschli 
zweifelt dabei ganz mit Recht, ob diese Gebilde, die Robin fiir 
Knospen zu halten glaubt, wirklich als solche betrachtet werden 
konnen, insoweit wie ihre allmahliehe Eut^tehung aus dem Ephtlota- 
korper noch nicht genauer erfolgt wurde ,, und namentlich auch die 
Beziehung zwischen ihren Kernen und dem der Ephelota noch nicht 
aufgeklart ist." Obwohl der erste dieser l^unkte in meinen Beobach- 
tungen noch nicht geniigend aufgeklart ist, ghiube ich doch, dass die 
Beziehungen des Kerns zwischen dem Mutterkorper und dem der 
Sprosslinge in unserem Fall ausser aller Zweifel klargeiegt wurden 
(Fig. 13, 14a, 15 und 18), und das lasst vermuthen, dsiss was Robin 
gesehen hat, wirklich die Sporen waren ; ob aber diese echte Stielclien 
getragen haben wie die der meinigen, darf wohl bezweifelt werden. 
Wie oben angegeben, entwickelt sich das Stielchen an der ventralen 
Ausholung des Sprosslings, und Avachst zuerst senkrecht zu der dorso- 
ventralen Achse des Mutterkorpers. Es krummt sich aber gleich nach 
oben um, und endet frei im Wasser. Diese Lage des Stielchens an der 
ventralen Ausholung des Sprosslings findet sich nicht nur in unserer 
Ephelotaiivt, sondern wie gesagt auch in der HERTWir/schen Species. 
Aehnlich verhSIt es sich bei dem Sprossling der Tohophrya quadripartitu. 
Nach den schonen Untersuchungeu von BiJTSCHLi (2) wachst der 
aquatoriale Wimper-Ring dieses Sprosslings rings um die dorso- 
ventrale Ebene des Sprosskorpers, wahrend derselbe noch im Mutter- 
korper bleibt. Wenn der Sprossling aber losgelost ist, so schwimmt 
er mit seiner friiheren lateralen Seite nach imten gerichtet, um auf 
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irgendwelcher Unterlage sich festzusetzen. Die abweichenden Angjiben 
Robin's von der Ba««il-Lage des Stieles in seinem Thierchen sclieint 
deswegen ganz unwahrscheinlich, besonders wenn der Sprossling mit 
diesein Stielchen aaf dem Mutterkorper sitzen soil. Mir scheiut es 
vielmehr, dass was Robin fiir das Stielchen des Sprosslings gehalten 
hat, in der That nicht ein solcher war, sondern eine protoplasinatische 
Brlicke zwischen dem Sprosskorper und dem Mutterthier ehe der 
erstere sich losgelost hat, wie man eine solche am basalen Ende 
des in Fig. 16. dargelegten, gestielten Sproslings ganz deutlich 
sieht* Manchmal beobachtet man eine solche Briicke in Gestalt eines 
langgezogenen Tenttikels auch am l3asalen Ende der bewimperten 
Sprosslinge, wenn dieselbe im liegriffe sind, von dem Ephelotakbi^r 
fortzuschwimmen (Fig. 9). Trifft diese Erklarung bei den Robin'- 
schen Sprosslingen zu, so bleibt nur iibrig, anzunehmen, dass diese 
nicht anders als unsere bewimperten Sprosslinge sind. Von Interesse 
ist aber die Thatsache, dass was Robin gelegentlich in der 
europaischen Artzur Beobachtung bekommen hat, in unseren Thierchen 
die normalen Fortpflanzungsmodi zu sein scheinen, wenigstens in der 
Colonic, die mir im letzten Winter in Misaki zur Untersuchung 
diente, wahrend die tentakellosen, aber mit Wimpern versehenen 
Sporen jener Art, hier bei unseren Thieren ganz fehlen. Anstatt 
desseu giebt es bei uuserer Art noch weiter entwickelte Spross- 
linge, die mit einem echten Stiel versehen sind, was bei jener Art 
noch nicht zur Beobachtung kam. Die relative Anzahl der gestielten 
und ungestielten Sprosslinge habe ich nicht genau festgestellt, ich 
glaube aber ganz sicher, dass nicht weniger als ein-drittel von den 
sporentragenden Individuen mit gestielten Knospen versehen sind^ 
Im Ganzen und Grossen daher kann man annehmen, dass die 
Fortpflanzungsmodi in unserem Thierchen eiuen hoheren Entwick- 
InngszusUmd darstellen, wie die der europaischen Art. Unerklarlich 
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8cheint inir aber die Wjni|)erlo.sigkeit der RoBix'schen Sprosslinge. 
Die Cilien entwickeln sich in alien bekannten Sporen der Suctoria 
eher als die 'rent4ikeln. Die iiii Wasser frei Hchwimmendeii Hert- 
wiG'schen Sporen «ind niit Cilien verseheo, wahrend unsere 
ungestielten Sprosslinge, wie oben angegeben, Cilien und Tentakeln 
tragen, aber nur die erstere dienen beim Schwimmen. Die Entwick- 
Inngszustande die-ser Sporen zeigen uns, dass die Cilien sich viel friiher 
entwickeln, als die Tentakeln, und auch in unseren gestielten Sporen 
finden wir eine wohlentwickelte Bewimperuug. Diese Cilien sind 
aber, wie wir schon sahen, viel weniger entwickelt wie bei den stiellosen 
Knospen, und konnen aller Wahrschenlichkeit nach nicht fiir die 
Fortbewegung des Spro.s.sling:3 dienen. Sie miissen daher als eine 
lieniiniscenz der einmal so wohl entwickelten Cilien der anderen 
Sporen betrachtet werden, die aber durch die Entwicklung des Stieles 
allmahlig im N'erschwinden begriffen .sind. SoUten vielleicht die 
RoBix'schen Sproaslinge als ein noch weiter entwickelter Zu.stand, 
gegenuber den uns^eren gestielten Sprosslingen betmcbtet werden ? 
Dariiber milssen die woiteren Untersuchungen jener Formen ent- 
sclieiden. 

Was schliesslich das Vorkoninien der beiien Arten der Sprosslinge, 
die stiellosen und die gestielten, in einer Ivolonie nebeneinander betriffi", 
so diiriVe das anch nicht ohne Interesse sein. Ob irgendwie gewisse 
Unistande die Produktion der einen oder der anderen Form l)egunsti- 
gen, konnte ich bis jetzt nicht enfscbeiden. Anf eineni und deinselben 
Stielchen, lilatt oder Luftl)ehalter der Alge begegnet man den loeiden 
Sporenarten in buntester Weise gemischt, so dass ihre Entwicklung 
kanm von ausseren Umstanden abhangen kann. Natiirlich wird es von 
grossen Nutzen sein fiir die Erhaltung der Art, wenn sie statt eine 
Sporenart zwei und zwar von ganz anders gebiuiten produciert, die 
daher auch verschiedenen physiologischen Zustanden unterworfen sind. 
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4) Die Kernveranderuiigen wahrend der Sprenbildung wurden 
uur in sehr wenigen Fallen lieobuchtet, obwohl ich viele Schnitte von 
den sporentragenden Individuen antertigte. Wjis ich in der Fig. 11 
dargestellt habe, ist das jiingste Stardium, das zu nieiner Untersuchung 
gekommen isl", und kann ich leider die interessante Frage, was den 
ersten Anstoss ziir Sporenbildiuig giebt, noch nicht iosen. Was ich 
aus diesen und anderen Schnitten schliessen kann, ist die Thatsache, 
das der Kern sich iinter einem Kniuelstadium theilt, wobei das 
Kernplasma eine deutliche Faseriing zeigt, wieman siein derTheUung 
der Grosskerne der Infmorien gewohnlich sieht. Die Apiailenden des 
Mutterkernzweiges biegen sich dabei gewohnlich nach Aussen iim, 
d.h. nach dem kiinftigen Apicalende des Sprosses, iind bleiben in dieseni 
Zustsinde bis sie wieder zum Apicalende des Tochterkerns werden. 
Diese Thatsache diirfte fiir die Orientiernng des Sprosskerns von 
Interesse sein, da der Sprosskorper wie gesagt ganz anders orientiert 
ist wie das Mutterthier. 

Was fiir eine Veranderung die oben erwahnten kleinkernahnlichen 
Gebilde wahrend dieser Zeit erleiden, kann ich leider wie erwahnt 
nicht angeben. 

C. Systematische Stb:llung des Thierchen. 

Die geschilderten l^unkte lassen unser Thierchen von den 
bis jetzt I)ei Ephelotativten bekannten wohl mit Sicherheit unter- 
scheiden. Am nachsten stimmt die Art aber rait der HERTwm'schen 
Ephelota tjemmipara liberein (5, 3). Sie unterscheidet sich aber von 
dieser Art durch das Vorhandensein von ftinf verschieden gestalteten 
Tentjikehi und durch deren regelmassige Lage am Thierkorper, sowie 
durch den Ban der Sporen. liei der geringen Literatur, die mir hier 
zur Verfiigung stand, kann ich natiirlich nicht auf die Artbestimming 
eingehen. Sollte sie sich aber als eine neue Art erweisen, so mochte 
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ich dem in hochsteii Grade verdieiiHtvollen Protozoenforscher Herrn 
Geheiinen Hofrath Professor Dr. 0. Butschli dediciren, und sie 
Ephelota Butschliatia neniien. 

Ende August, 1896. College of Agriculture, 

Imperial University. 

Nachtrag. Wahreiid die vorsteheiide Abhaudlung sich im Dnick 
befand, erhielt ich durch die Giite des Herrn Dr. R. S. Hergh (1) in 
Kopenhagen eine sehr interessante Mittheilung iiber das Vorkoni- 
inen von faserigen Gebilden in der Zellnubetanz zweier Infusoriefmrteuj 
Spathidiwn spatulu nnd Hohyphrya Emmae^ die mit meinigen 
obeliervvahnten Tentakelfasern Aehnlichkeit haljen. Diese Faserchen 
konunen in den l)eiden Arten in verschi^ienen, aber ganz bestinun- 
ten Kiirperregionen vor. V'oni Ectophisrna entspringend verJaufen 
sie in's Innere des Korjxirs, uni iin Endoi)lasnia zu endigen. Auch 
die stabcheoahnlichen Structuren uni die Schlund«e«:end vieler 
Jnfmonen warden von deni Autor als honiologe Structui-en gedeutet. 
In wie weit aljer diese Structuren mit den unserigen in Zusaninien- 
hang stehen, miissen kiinftige Furschungen lehren. Sol I ten vielleicht 
die Achsenfaden mancher Heliozucn^ insbesondere diejeuigen der von 
ScHAUDlNN (9) nenerdings geium iintersnchten Camptonema miians 
ahnliche Gebilde vorstellen ? 
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Tafel XII. 

Ephelota spec. (?). 

S&inmtliclie Bilder sind mit einer ZeicLencamem anf der Hblie des Object- 
tisches gezeiclinet, nnd mit den Symbolen der dabei benntzten Ocnlare nnd Objective 

imKlammeni beigefiigt, wie(-=r-xZ 1,(^779"^^ ) "• ^- ^- ^^^ ^^^ Zeiss' Objectiv D 
mit Ocular 2, Zeiss' Objectiv 1/12 Immersion mit Ocular 4 u. s. w. zu lesen ist. c/, 
cilien; f, Fasergebilde bu Endoplasma; A', ^facronucleus ; Stb^ stabclienabnliclie 
GebDde in der aussersten Scliicbt des Ectoplasmas ; f\ ^^, r', t^ nnd f*, Tentakeln. 

Fig. 1. Mittelgrossos Individuum mit ausgestreckten Tentakeln, lebendig 
gezeiclmet. 

Fig. 2 und 8. Zwci Bilder aus einer Reilie von Langsscbnitten von einem 
Individuum : Fig. 2 eine seitlicbe, und Fig. 8 eine raediane. Flemming's Fliissigkeit 
mit Eisenlack-Hrematoxylin. 

Fig. 2a. Kleines Stiick des Tentakel I von einem anderen Exemplar, ebenso 
beliandelt wie die vorigen. 

Fig. 2b. Ebenso ein solclies Stiick von demselben Scbnitt. Man beaclite eine 
nmdlicbe Oefftiung in der Pellicular Membran fCir den Austritt des Tentakels. 

Fig. 2c. Drei StCickcben vom Saugtentakel von demselben Scbnitt. Die 
^nsserste Scbicbt des Ectoplasmas ganz deutlieli bis zur Tentakelspitze zu beobacbten. 

Fig. 4 und 5. Zwei Dnrcliscbnitte von einem anderen Individuum, ebenso 
bebandelt wie die vorigen : Fig. 4 in einer Ebene oberbalb der Tentakel IT, und Fig. 
5 nnterbalb derselben. 

Fig. 4a und 4b. Kleiue Tbeile des Scbnittes Fig. 4 nocli starker vergrbssert : 
in Fig. 4a siebt man eine Durcbscbuittsansiclit der Stiibcliengebilde und in Fig. 4b 
eine Flacbenansicbt dei-selben. 

Fig. 6. Bewimperter Sprossling soeben vom Mutterk5rper befreit. Derselbe 
ist mit Scbneider's Essigsaurecarmin stark gequollen. 

Fig. 7, 8 und 9. Drei ebenso vom Mutterkorper befreite Sporen lebendig 
gezeiclmet. Einer dieser ist die namlicben Spore die wir in Fig. C gezeicbnet 
haben. 
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Tafel XIII. 

Kphelota spec. ('?). 

Sammtliche Bilder sind mit eiuer Zeicliencamem aiif dev Holie des Ohjecttiscbes 
gezeiclinet, nnd mit den Symboleu der dabei benutzteii Ocnlare und Objective im 

Klammern beigefiigt, wie |-=r-XZ J (-ttw"^^) "* *^* ^^' ^^^ '^^^ Zeiss' Objectiv D init 
Ocuhir 2, Zeiss* Objectiv 1/12 liumei-sioii mit Ocular 4 u. s. \v. vm leseii ist. //, 
micromicleiisabnlicben Gebilde ; .V, Macroiiiicleiis ; % Spoieii ; f\ t^, /*, /* mid r\ 
Teiitakelu ; *r/,-, Wimperkiuiiz. 

Fig. 10. Tbiercbeu mit acbt giiuz reifeii Si)oren. 

Fig. 11. Laiigsscbnitt von einem andeien Individiuiin im Anfangsstadium 
der Sporenbildiing. Snblimatessig-Priiparat mit Orange-Hiematoxylin gefarbt. 

Fig. 12. Langsscbnitt von einem solcben TbiercJien wie es in Fig. 10 tbu-gestellt 
ist. Drei von den bporen werden in deni Selniitt angetroffen. Pikrinessig und 
range-H«3matoxylin Pmeparat. 

Fig. 18. Liingsscimitt von einem anderen Thiercben mit zwolf ge«tielten 
Sporen. Die Stieleben wurden aber nicbt in dem Scbnitt angetroflfen. Flemming's 
Fiiissigkeit mit Eisenlack-Hromatoxylin ; die Endoplasma-Granula sind wuggelassen. 

Fig. 14. Lebendes Exemplar mit secbszelm gestielten Sporen. 

Fig. 14a. Dassolbe mit Pikrinessigsaure conserviert nnd mit Pikrocarmin 
gelUrbt. 

Fig. 15. Langsscbnitt von einem anderen Individuum mit vier gestielten 
Spoveu, ebenso bebandelt wie bei Fig. 18. 

Fig. 16. Gesticlte Spore lebendig gezeiclmet. Man beacbte die prutoplasma- 
tiscbe Verbindungsbriicke zwisclien der Spore und dem M utterkorper. 

Fig. 17. Langsscbnitt von einem Sprossling. Am freien Ende des Stieles siebt 
man Scbmutz angeklebt. Flemming's Fiiissigkeit mit Eisenlack-Ua^matoxylin. 

Fig. 18. Langsscbnitt von einem Individuum mit vier gestielten Sporen. 
Flemming's Fiiissigkeit mit Eisenlack-Hiematoxylin. 

Fig. 19. Mittclgrasses Exemplar mit zwei gestielten Sporen. Man siebt drei 
parasitisebe Lifusorien am Stiel eines Sprcisslings. Diese diingen zuweilen in den 
K5rper des Tbieres ein und fresseu den gauzen Inlialt. 
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Ueber das massenhafte Vorkommen von Eisen- 
bacterien in den Thermen von Ikao. 

Von 
Manabu Miyoshi, Rigakushi, RigakuhakushL 

Professor der Botanik au der natnrwisseiischaftliclieu Facultiit der Kaiserlicben 

Universitat zii Tokio. 



Die Umorebuno: des auf dem wilden Abhanofe des Futiitsudake 
reizend gelegenen Badestadtchens Ikao, des«en eisenhaltige Thermal- 
quelle wegen ihrer vortrefHichen Heilwirkiingeu sich seit einer 
geraumen Zeit einer bedeutenden Frequenz erfreut, ist fiir jeden 
Pflanzensammler eine reichliche botanische Fundgrube. Was aber 
uns hier besonders interessirt, ist das Vorkommen einer ganzlich aus 
Eisenbacterien bestehenden Schlammmasae, welche ich an der heissen 
Quelle auf Steinen oder Erde unter Einfluss des von Felsenspalten 
heraussickernden Thermalwassers sich verbreiten fand. Dieser 
SchLimm, welcher seiner vermeintlichen Heilkraft halber oft von 
Badegasten eingesammelt wird, unterscheidet sich von der iibrigen 
bacterienfreien oder bacterienarmeren Eisenerde dadurch, dass der 
erstere homogen, leicht ockergelb gefarbt, woUig-schleimig aussieht, 
wahrend die letztere von schmutzig brauner Farbe ist, fein kornig 
ist, sich leicht im Wasser suspendirt und daraus erst beim langen 
Stehen sich sedimentirt. 

Dass der obenerwahnte Schlamm ausschliesslich aus Bacterien- 
zellen besteht lehrt die mikroskopische Untersuchung sofort. Am 
bestens nimmt man eine moglichst kleine Probe des Schlammes, 
verbreitet sie gleichmSssig auf einem Deckglaschen und trocknet iiber 
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140 MAN ABU MIYOSHI. 

die Spiritusflainme, Bei einem so fixirten Praeparate sieht man eine 
unzahlige Menge von gelblich gefarbten, fadenformigen Zellen von 
ungleicher Lange, ca. j^ bis 1 // im Durchmesser, ziemlich geradlinig, 
auch verschiedentlich gebogen, sowohl einzeln als auch zu Bundeln ver- 
einigt. Ausserdem befindet sich eine Anzahl von winzigen, stabchen- 
formigen Zellen, die mit den fiidenforaiigen gemischt auftreten. Die 
Bacterien scheinen dev Leptothix ochracea Kiitz. nahezustehen, dabei 
wage ich aber nicht ohne weitere Untersuchungen diese als nene 
Species zu betrachten. 

Behandelt man solche Zellhaufen mit nur mSssig starker Salz- 
saure so verschwindet nicht bios die Gelblarbung, sondern auch der 
ganze Zellumriss spurlos, (der Zusatz einer Ferrocyankaliumlosung 
ruft dann die characteristische blaue Eisenreaktion hervor.) 1st die 
angewandte Saure aber noch weit schwacher und wirkt langsam von 
einer Seite des Praeparates dann entfarben die Zellen sich allmahlich 
und lassen schwer sichtbare, hyaline Zellfragmente zuriick, welche 
nach Farbung mit Fuchsinlosung deutlicher hervortreten. Unter- 
bricht man indessen die Wirkung der Saure durch das Zuleiten von 
Wasser, so bleiben die Zellen oft zum Theil noch inkrustirt. In 
manchen Fallen verschwinden die von der Kruste befreiten Theile 
bald darauf und lassen die von der Saure nur wenig angegriffene, 
deshalb unvollstandig aufgeloste Zellpartie zuriick. 

Aus diesem Yerhalten gegen Salzsaure scheint mir zu folgen^ 
dass das Eisenoxyd nicht nur auf der Zellwand aufgelagert, sondern 
auch in der Substanz derselben mehr oder weniger stark infiltrirt 
vorhanden sein muss. 

Einer grobkornigeu Auflagerung entbehren die Zellwandungen 
vollstandig ; bei genauer Untersuchung mittelst Zeiss'schen homog. 
Imm. j5 und Ocular 4 fand ich nur ausserst feine Partikelchen die 
auf manchen Zellen aufsassen. 
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Ob die Bacterienzellen noch plasmahaltig waren oder nicht, 
konnte ich der Winzigkeit derselben halber nicht konstatiren ; aber 
die Starke Eiseninknistation und sogar Infiltration, ferner das frag- 
mentarische Auftreten der Zellen, machen es hochst wahrscheinlich 
dass dieser Schlamm lediglich aus den Resten der Eisenbacterienzellen 
bestand. 

Ich untersuchte auch Schlamm proben die in der Nahe des oben 
geschilderten Bacterien-Schlammes gesammelt waren. Die ersteren 
sind schon mit blosem Auge von dem letzteren zu unterscheiden durch 
die mehr roth-braune Farbe und die sehr fein pulvrige Beschaffenheit. 
Mikroskopisch zeigt sich sofort ein ganz anderes Bild : in diesem, 
namlich, besteht die Hauptmasse nicht aus Bacterienzellen allein, 
sondern auch aus groberen oder feineren Kornchen von Eisenoxyd, 
die mit den ersteren bei verschiedenen Schlammproben in ver- 
schiedenen Mengenverhaltnissen gemischt sind. Die Bacterien- 
massen enthalten sowohl faden- als auch stabchen&rmige Zellen, 
und auch noch eine Beimengung einer geringen Anzahl spirochaeten- 
artiger Zellen, (einige Formen sind dem Spirillum fennigineum De 
Toni iihnlich), die oft zu doppelten oder mehrfachen sogar ver- 
zweigten Bundeln vereinigt auftreten. 

Andere gewohnlichere Eisenbacterienarten z. B. Crenothix Kuhn- 
tana (Rabenh.) fand ich nicht in dem von mir gesammelten 
Materiale. Dagegen beobachtete ich mitunter wenn auch nur frag- 
mentarisch, breitere Zellfadeii mit Querwanden, die zweifelsohne eine 
Art von Psichohormium zu sein diirften. Weiter waren einige 
Diatomenzellen sehr oft in den weniger reinen Schlammproben 
vorhanden. 

AUe jene Bacterienzellen sind mit Eisenoxyd dick uberzogen 
und zeigen ahnliches Verhalben gegen Salzsaure wie es bei den 
oben beschriebenen Bacterien der Fall ist. 
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Das Zustandekommen des reinen Bacterienschlammes ist von 
gewissem Interesse, da in diesem Falle das Eisenoxyd, welches bei der 
allmahlichen Veranderung des Schlammes ubrig bleibt, ausschliesslich 
aus dem Resten odor Fossilen der Organismen besteht. 

Ich verzichte auf einen Erklarungsversuch betreffs der Art und 
\Vei«e der Eisenauflagerung eventuell Infiltration, da die Eotscheidung 
der Frage Uber den physiologischen resp. physikalischen Ursprung der 
Eisenscheide ohne fernere Studien nicht moglich ist.^) Nur mache 
ich hier besonders darauf aufmerksam, dass gunstige Bedingungen zur 
Entstehuno: der Eisenbacterien-Schlammmasse unter Voraussetzunof 
gewisser (direkter oder indirekter) Mitwirkung von Bacterien in den 
genannten Thermen vorhanden sind, da erstens, das Thermal wasser 
eine hinreichende Menge (nach einer Analyse 0,0214 g pro Liter) 
von doppelkohlensaurem Eisenoxydul enthalt, zweitens, eine geniigend 
hohe Wassertemperatur, die ich in oben erwahnten Stellen resp. 41**, 
42**, 45,5*'C fand, fur das lippige Fortleben der Bacterien gunstig ist. 

d. 13. November 1896. 

Botanisches Institut der Kaiserl. Universitat zu Tokio. 



1) Hieruber liegen uns die bekannten Untersuchungen yoq Winogradsky, Botan. Ztg. 
1888 p. 261. and Yon Molisch, Die Pflanze in ihrer Beziehung zum Eisen 1892 p. 60. vor. 
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Studien iiber die Schwefelrasenbildung und 

die Schwefelbacterien der Thermen 

von Yumoto bei Nikko. 



von 



Manabu Miyoshi, RIgakushi, Rlgakuhakushl. 

Professor der Botanik an der naturwissenschafllicben Faoult&t der 
Kaiserlicben Universitat zu Tokio. 



Mit Tafel XIV. 

Einleitung. 

Als ich im Monate August 1895 mich im Bad Yumoto bei 
Nikko aufhielt, wurde meine Aufmerksamkeit auf die auffallende 
Schwefelrasenbildung in diesen thermalen Gewassern gelenkt. An 
den Stellen, wo das heisse, stark nach Schwefelwasserstoff riechende 
Wasser aus den am Bergfiisse des Yudak^ reihenweise gelegenen 
Schwefelquellen heraussickert, bedecken sich Reservoirbasins, Wasser- 
ableiter, Pflanzenreste, Steinfragmente u. A. mit einem feinen 
Schwefelanflug in Form von bis mehrere Centimeter langen 
Franzen, Fetzen und Lappen, (Fig. 1), die ich der Kiirze halber als 
Schwefelrasen bezeichne. Diese Rasenbildung kommt dadurch zu 
Stande, dass aus dem im Wasser reichlich enthaltenen Schwefel- 
wasserstoff sich Schwefel abscheidet, der auf die Grallertsubstanz einer 
im heissen Wasserstrorn vegetirenden Bacterienart sich absetzt und 
zum volligeu Inkrustiren fiihrt. Die Bacteriengallerte, welche mit 
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der in den Schwefelthermen europaischer Lander vorkoramenden 
„bar^gine" genannten Schleiminasse') vielleicht identisch sein kSnnte, 
hat eine besondere Fahigkeit sich mit dem Schwefelmantel zu bekleid- 
en und zwar so vollstandig, dass der Process sich bis auf die diinn- 
sten Faden erstreckt. 

Ausser diesen Gallertbacterien kommen auch gewohnliche Form- 
en von Schwefelbacterien vor, namlich Beggiatoen und Thiothrizen 
(Winogradsky) (Fig. 13, 14), die in den lauwarmen Abfliissen 
des Quellwassers sowie in einem kleinen See Yugo, in den das noch 
mit H,S beladene Wagser hineinfliesst, ihren Wohnsitz finden. 

An rothen Schwefelbacterien fehlt es in der Umgebung von 
Yiimoto auch nicht. In den Graben und Tumpeln, die thermalen 
Abwasser empfangen, fand ich pfirsichbluthrothe Flecken welche ich 
bei der Untersuchung als Chromatium Weissii (Fig. 15) erkannte. 

Um die Schwefelbacterien-Flora von Yumoto zu durchforschen 
und besonders die obenerwahnte Schwefelrasenbildung genauer zu 
beobachten, reiste ich in diesem Sommer wieder nach Yumoto, wo 
ich wahrend eines mehrtagigen Aufenthaltes noch viele andere Arten, 
die bei dem friiheren Besuch meine Aufmerksamkeit sich entzogen, 
fand und auch einige Versuche anstellte, die nur an den Fundorten 
selbst gemacht werden konnten. 

Auch an anderen Thermen, die ich im letzten Jahre zu besich- 
tigen die G^legenheit hatte, fand ich eine ahnliche Schwefelrasen- 
bildung. Da aber meine diesbezuglichen Studien fast ausschliesslich 
in Yumoto gemacht wurden, so theile ich im folgenden hauptsSchlich 
die auf diesen Ort beziiglichen mit, wShrend die Beobachtungen von 
anderen Orteu nur nebensachlich erwahnt werden. 

Da ich in dieser Abhandlung nur die Art und Weise dea 



1) Certes und Garrigou, Compter rendus. CIII. 1886. p. 107. 
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Vorkommeus von Schwefelrasen ausfiihrlicher beschreibe, dagegen 
auf die Morphologie und Phyaiologie der Rasen bildenden Bacterien 
wenig Rucksicht nehme, inochte ich mir fernere Untersuchungen 
hieriiber vorbehalten. 

Die unten erwahnten physiologischen Studien an den rothen 
Schwefelbacterien wurden im botanischen Institute in Tokio ausgefUhrt. 

Litleralur. 

Biologische Untersuchungen des Thermal wassera sind im 
Deutschland, in der Schweiz, in Italien u.s.M^ schon friiher vielfach 
unternommen und das Vorkommen von niederen Algen und 
Bacterien in den heissen Wassern von Carlsbad, Landeck und anderen 
Thermen ist ISngst bekannt, wie besonders aus den Untersuchungen 
von Cohn') zu ersehen ist. 

Bekannt ist auch die Thatsache, dass diese im Thermalwasser 
vegetirenden Schizophyten und ihre Zoogloeenmassen von Schwefel, 
Kalk, Kieselsaure, Eisenoxyd und desgl. verschiedentlich inkruatirt 
vorkommen. 

Was besonders die Schwefelthermen anbetrifft, so liegen uns nur 
vereinzelte Beobachtungen vor') und iiberhaupt in der botanischen 
Litteratur findet sich meines Wissens nirgend eine genaue Angabe 
liber die Schwefel rasenbildung. Certes und Garrigou') berichten 
in ihren Untersuchungen iiber die Schwefelthermen von Luchon, dass 
bei einer Wassertemperutur von 50**C die schleimigen, „bar^gine** 
genannten Zoogloeenmassen auftreten, welche thatsachlich von ver- 

1) Abhandl. d. sohles. GeselU. f. vaterl. Cultur 1862; auch Flora 1862. p. 338. Jahretb. 
d. sohles. GeseUs. f. vaterL Cultur 1874; botan. 8ect. Xot. p. 32; und auch 1876. p. 116-118. 
Ver^l. auch Hansgirg, Physiologische und algologische Studien 1887. p. 138. 

2) Z.B. Chr. Mailer, Chemisch-phyaikalische Beschreibung der Thermen yon Baden in 
4er Schweis 1870. p. 10 etc. VergL auch Loef f ler's allemeuestes Werk, Das Wasser und die 
Mikroorganismen, (Handbuch der Hygiene I. Bd. 2. Abth. 1896. p. 701). 

3) Oomptes rendus. CIU. 1886. p. 708. 
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schiedenen Organismen erzeugt sind. Anderseits theilen Peroncito 
und Valalda') iiber die MufFe— oder Schwefelleberbildung in den 
Thermen von Valdieri in Piemont mit, dass bei 55®C die Muflfe eine 
hochrothe Farbe annahm und keinen Organismus enthielt ; und erst 
bei niederen Temperaturen, wenn die Muflfe eine braune Farbe fiihrt^ 
die Gallerte bildenden Bacterien und Leptothix Valdeiia^ nebst 
grunnen Organismen auftraten. Da diese und andere Beobachtungen 
mit unserer Schwefelrasenbildung keine direkte Beziehung zu haben 
scheinen, so werde ich hier darauf nicht naher eingehen. 

Die einschlagige Litteratur iiber die physiologisch merkwlirdigeny 
von Winogradsky „ Schwefelbacterien " genannten Organismen 
ist nicht besonders reich. Aeltere Beobachtungen finden wir in 
den Adhandlungen von Perty*), Ray Lankester*), Cohn*)^ 
Warming*), Engler^), Engelmann^), Zopf®) u. A. Aber eine 
grundliche und kritische Untersuchung verdanken wir erst Wino- 
gradsky*) der nicht bios durch die direkten Versuche die Physiologic 

1) Xotarisiall. 1887. p. 333-317. Referat in J os t, botan. Jahresb. 1887. I. p. 103. Mir war 
nur das Referat zuganglich. 

2) Kleine Lebensformen 1852. 

3) On a peach-coloured Bacterium, (Quarterly Journal of Microec. Sc. Vol. XIII. New 
Series 1873). Further Observation on a peach or red-coloured Bacterium, — Bacterium 
rubescens, (Quart. Jour, of Microsc. Sc Vol. XVI. New Series 1876). 

4) Untersuchungen aber Bacterien II, (Beitr. z. Biolog. d. Pflanzen Bd. I. Heft III. 1875. 
p. 156). In dieser Arbeit, sind seine friiheren Untersuchungen iiber Schwefelbacterien 
beriicksichtigt. 

5) Om nogle ved Damarks Kyster levende Bacterier 1876. 

6) Ueber die Pilz- Vegetation des weissen und todten Grundes in der Kieler Bucht, (IV. Ber. 
d. Commission 2 Unters. d. deutsch. Meeres in Kiel. Kiel 1883). 

7) Over een niew voor licht'gevoelig bacterium, (Proc. verb. k. Acad. v. Wettenschappen te- 
Amsterdam. Afr. Xaturk. Zittg. van 25 Maart 1882). Bacterium photometricum. Ein 
Beitrag zur vergleichenden Physiologie des Licht- und Farbensinnes, (Pflager*8 Archiv. 
Bd. XXX. 1883. p. 95). PfrQfung der Diathermanitat einiger Medien mittelst Bacterium 
photometricum, (Dieselbe Zeitschrift, Bd. XXX. 1883. p. 125). Ueber Bacteriopurpurin und 
seine physiologische Bedeutung, (Dieselbe Zeitschrift, Bd. XLIL 1888.p. 183). Die Purpur- 
bacterien und ihre Beziehungen zum Licht, (Bot. Ztg. 1888. p. 661). 

8) Zur Morphologic der Spaltpflanzen 1882. p. 21 u. s. w. 

9) Ueber Schwefelbacterien, (Bot. Ztg. 1887. p. 489). Beitrage zur Morphologie und 
Physiologie der Bacterien Heft I. Zur Morphologie und Physiologie der Schwefelbacterien 1888. 
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der Organismen in Bezug auf Schwefelwasserstoff einwandfrei 
klarlegte, sondern durch eine Reihe langer, ununterbrochner, mikro- 
skopischer Kulturen die Morphologie derselben festzustellen suchteJ) 

Die Wirkung des Lichtes auf die rothen Schwefelbacterien wurde 
von Engelmann') bekanntlich besonders vom assimilationsphy- 
siologischen Standpunkte aus ziim Gegenstand eingehender Unter- 
suchungen gemacht. 

Das merkwiirdige Verhalten derselben Organismen gegen wech- 
selnde Sauerstoffspannungen geht auch aus der Untersuchung 
Winogradskys hervor ; nur sind weitere Versuche nothig, um 
festzustellen, ob die Organismen gegen den fur sie so wichtigen 
Schwefelwasserstoff chemotaktisch reagiren und ob sie der chemischen 
Reizung durch and ere Stoffe auch zuganglich sind. 

Schwefelrasenbildung. 

Die schonste und uppigste Schwefelrasenbildung fand ich bei 
einer am westlichen Ende von Yumoto gelegten heissen Quelle 
(Arayu) sowie in einem noch ca. 50 Schritten weiten Schwefelsumpf. 
Ein minder auffalliges Auftreten beobachtet man an der Quelle 
Tsurunoyu, dicht an der Strassenmiindung von Yumoto. Wie 
schon erwahnt, breiten die Rasenmantel sich an den Aussenwanden 
der Reservoirfasser und holzerner Ableiter aus, aber auch selbst auf 
der Erde, iiber welche das Schwefelwasserstoff haltige, heisse Quell- 



1) Nachdem Wino^radsky im Jahre 1888 durch langdauemde mikroskopische Kultur- 
▼ersuche die fraher bestrittene Formenkonstanz der Schwefelbacterien festgestellt hatte, ist 
seiiher kein wichtiger gegentheUiger Befond dardber bekannt geworden» bis in jOngster Zeit 
Zopf (Beitrage zur Phjsiologie and Morphologie niederer Organismen 5 Heft 1895. p. 87.) 
beweisen konnte, dass eine „ regressive Entwickelung " bei den rothen Schwefelbacterien 
wirklich stattfindet Ueber die Formenfrage vom gegenwftrtigen wissenschaftlichen Stand- 
punkte aus yergleiche man HUppe, Naturwissenschaftliche Einfahrungin die Bakteriologie 
1896. p. 14 u. 85 ; F 1 ii g g e , Mikroorganismen 3. Aufl. 1896. Erster Theil p. 76 n. s. w. 

2) Lc. 
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wasser schnell ablauft. Zwei Bedingangen miissen betreffs der 
Riisenbildung erfilUt sein : ersteas muss das Wasser stets fliessend 
sein, zweitens, die Wassertiefe nur sehr germg bleiben. Im tieferen, 
fliessenden Wasser bildea sich die Rasen nur auf den unmittelbar 
unter der Wasseroberflache befindlicheu Gegenstanden und in stehen- 
den Gewassern kommen sie uberhaupt nicht vor. 

Die Maximal temperatur, bei welcher eine Rasenbildung statt- 
findet fandich dicht bei der Arayu-Quelle zu 69.8**C. An den anderen 
Orten war die Wasserwarme resp. 68.2^ 67^ 66.1^ 61.5°, 59^ 58.2^ 
56°, 55°, 52°, 51°C. Bei Bad Shibu und Bad Idsusan, wo ebenfalls die 
Schwefelras^nbilduug vorkommt, beobachteteichdie Wassertemperatur 
zu resp. 68° und 60^ Die Temperaturgrenzen fiir die Rasenbildung 
liegen daher zwischen ca. 70°*) und 51°. 

Was nun die Farbe der Schwefelrasen anbelangt, so ist sie je 
nach den Fundorten verschieden. In schnell fliessender Stromung 
sieht sie leicht gelb-weiss (Fig. 1), bis fast rein weiss aus, die 
gelbliche FSrbung nimmt dagegen stetig zu bei langsamerer Stromung. 
So fand ich, an der Unterseite eines viereckigen, holzernen Ableiters, 
aus welchem eine Menge des heissen Quellwassers auslief, das auf den 
AussenwUnden sich verbreitete, eine iippige, gelbliche Rasendecke, 
wShrend die Innenwande derselben mit weissen Schwefelfilzen 
bekleidet waren. 

Dieser Farbenunterschied beruht, wie die mikroskopische Unter- 
suchung lehrte, auf der Art und Weise der Schwefelabsatzbildnng. 
Im langsamen Strome bilden sich feine, ziemlich grosse Krystalle, 



1) BekanUich vegetiren 0$ciUarien und Le^thrimen in heinen Thennalwft«em dwea 
Temperatur jedoch selten tlber 60*C. liegt. Dooh soUen gewisse Schizophyoeen nach einigen 
Beobachtem bei weit hdheren Temperataren von 80'-90*C. sogar 98' nooh rorkommen. 
Vergl. Warming, Lehrbnch der bkologisoben Pflanzengeographie. Uebenetct Ton Knob- 
la nob. 1896. p. 157. Die Angabe der Slberen, diesbeztlglioben Beobacbtangen findet man in 
Pf offers Pflanzenpbysiologie Bd. IL 1881. p. 432 n.aw. Vergl. anob Kerner Ton 
Marilaun, Pflanzenleben Bd. L 1888. p. ,617. 
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zumeist in rhombischen Octaedern oder auch in monoklinen Prismen, 
die das Licht stark brechen und die eigenthumliche Farbe des 
Elementes darstellen (Fig. 2, 5) ; hingegen im schnell fliessenden 
Wasser wird der Schwefel in winzigen, amorphen Theilchen mit 
Beimengung unvollkommen ausgebildeter Prismen abgesetzt ; diese 
kleinen Kornchen reflectiren das Licht stark und verieihen dem Ganzen 
eine mehr weisse Farbung (Fig. 3, 4). Zwischen diesen beiden 
Extremen treten aber alle Uebergangsstadien auf. Die grauweissen 
Rasen, die man oil finden kann, sind nur durch Schmutz verun- 
reinigte, sonst normale Rasen ; die Beschmutzung geschieht besonders 
bei heftigem Regen, welcher bisweilen eine prachtvoUe Rasendecke 
vemichtet. 

Die Lange der Rasen ist wieder von der Schnelligkeit des 
Stromes abhangig. Die gewobnliche Lange in ziemlich schnell 
fliessendem Wasser betragt ca. 3 bis 5 cm. Sie bleiben kurz ca. 0.5 
bis 2 cm bei langsamer Stromung und erreichen in schnellen 
Bachlein mehr als 20 cm. Besonders elegant gestalten sich diese 
langen, gelbweissen Schwelfel rasen, wenn sie der Stromsrichtung 
folgend, auf zahlreichen, einzelnen Fasern zitternde Bewegungen zeigen. 

Die Rasen sind urspriinglich durch die schleimige Bacterien- 
gallerte auf Holz, Steinen oder anderen submersen, fremden Gregen- 
standen, so fest angehefket, dass sie trotz des in Folge der 
Volumenvergrosserung immer zunehmenden Zuges von den An- 
satzstellen nicht leicht fortgerissen werden k5nnen. 

Untersucht man ein kleines Buschel Schwefelrasen, das durch 
Borgfaltiges Prapariren mittelst Nadelspitzen in feine, einzelne Fasern 
getrennt werden kann, so sieht man, dass an der Peripherie der aus 
Schwefelkrystallchen und schwefelkornchen bestehenden Hauptstuckes, 
eine unzahlige Menge von sensenformigen Bacterienzellen anhaftet 
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(Fig. 6), Bei genauerer Untersuchung aber uberzeugt man aich, das 
die Matrix der Rasen urspriinglich von einer Bacteriengallerte gebildet 
war und die Schwefelauflagerung nachtraglich stattgefunden hat. 

Dies kann man leicht beweisen, wenn man einen solchen Biischel 
auf dem Objectrager trocknen lasst und dann etwas Schwefelkohlen- 
stofF zusetzt.*) In dem so behandelten Praeparate wird die Schwefel- 
auflagerung mehr oder weniger vollstandig aufgelost und die iibrige 
Gallertmasse mit Bacterienzellen tritt bei der Farbung mit Jod 
scharf hervor. Am besten aber wahle man zur Untersuchung solche 
Rasenstucke, welche erst geringe Schwefelinkrustation zeigen (Fig. 2, 
6). An derartigen Exemplaren, die nur an bedeckter, vor freiem 
Luftzutritt mehr oder weniger geschiitzter Lage zu finden sind, sieht 
man gleich, ohne eine weitere Behandlung, den centralen, farblosen 
Gallerttheil mit den darin eingebettenen Bacterien und die ausserlich 
stellenweise angelagerten Schwefelkrystallchen. 

Dass die einzelnen Bacterienzellen mittelst der gemeinsamen, 
schleimigen Gallerte zusammen gehalten sind, kann man unter dem 
Mikroskop demonstriren, indem man entweder gelinde auf die Deck- 
glaschen stosst oder mittelst einer Fliesspapierstreifchen einen raschen 
Wasserstrom durchleitet ; dann machen die Bacterienzellen jedesmal 
zitternde Bewegungen ohne jedoch dadurch losgerissen zu werden. 

Die Gallerte hat eine schleimige, etwas zahflussige Konsistenz 
und zieht sich zu einem Kiigelchen zusammen wenn man sie aus dem 
Wasser herausnimmt. Sie ist z. Th. loslich in cone. Kalilauge und 
in Salzsaure ; bleibt in kochendem Wasser scheinbar unverandert ; 
farbt sich mit Jod gelb, mit Jod und Schwefelsaure ziegelroth bis 
braun, mit Corallin hochroth, mit Hanstein's Anilingemisch 
scharlachroth, mit Congo roth : kurz, sie giebt alle characteristischen 



1) Vepgl. Cohn, Untersuchungen uber Bacterien IT, (Beitr. e. Biolog. d. Pflanaen. 
Bd. I. Heft HL 1876. p. 179). 
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Farbenreaetionen der Schleimsubatanz.*) 

Die schleimige Gallerte enthalt hauptsachlich cylindrische, sen- 
senformig gebogene, oder vibrionenartige, an beiden Seiten abgerund- 
ete, farblose Zellen von verschiedenen Dimensionen, 6 bis 28 /^ in 
Lange, (mittlere Grosse 20 j" lang und 1,4 /^ breit), und mitunter 
auch fadenformig gestreckte Leptothrix'SLhnViche Zellen. 

Bei Zimmertemperatur untersucht fiihrten einige von den 
vibrionenartigen Zellen schwingende und umdrehende Bewegungen 
aus, welche bei den grosseren Zellen langsamer und bei den kleineren 
lebhafter zum Vorschein kamen. Nach der Anwendung von A. 
Fischers^) Geiselfarbungsmethode konnte ich bei verschiedenen 
Individuen dicht um den Korper ausgewachsene Geiseln beobachten. 

Ausserdem fand ich in den Gallertmassen noch folgende Zellart- 
en, die jedoch in den an verschiedenen Standorten gesammelten 
Proben in verschiedenen Mengenverhaltnissen vorhanden waren : — 
sehr kleine, stabchenartige Zellen, die oft so massenhaft auftraten, dass 
das Ganze wie eine Zoogloea Tenno Cohn^) aussah ; diinne, lange, 
Faden ofters in einer massigen Anzahl ; winzige spirochaetenartige 
Zellen, die in einigen Gallertproben zerstreut gefunden wurden. 

Die Zellformen in den schleimigen Gallerten sind daher von 
heterogenem Character und das ganze Bild ahnelt etwa der Zoogloea 
ramigera Itzigsohn, die Zopf*) bekanntlich auf Grund seiner 
Untersuchungen fur einen besonderen Zoogloeenzustand von Gladothriz 
dichotoma Cohn halt. Ich machte bisher noch keine genauere 
Studien Uber die Entwickelungsgeschichte unserer Bacterien und 



1) Behrens, Tabellen zum Gebrauch bei mikroskopisohen Arbeiten. 2te. Aufl. 1892. 
p. 145. 

2) Untersuchungen fiber Bakterien. Separat-Abdruck a. d. Jahrb. f. wiss. Bot. Bd. 
XXVII. 1894. p. 81. 

3) Beitriige zur Biologie der Pflanzen Bd. I. Heft 2. 1874. Taf. III. Fig. 9. 

4) Zur Morphologie der Spaltpflanzen 1882. p. 19. Taf. III. Fig. 18, 14, 16. 
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eventuell die Bildiing des Gallertkorpers und so mag es noch da- 
hingestellt bleiben, ob die Gallertmasse thatsachlich auch eine der- 
artige Zoogloea sei, wie Zopf angiebt, und somit alle obenerwahnten 
Zellformen in einem genetischen Zusammenhange stehen, oder ob sie 
im Gegentheil den Wohnsitz einer Anzahl heterogener Spaltpilze 
vorstelle. Diese und noch andere morphologischen Fragen sind die 
Aufgabe weiterer Untersuchungen, die ich bei nachster Gelegenheit 
aufzunehmen gedenke. 

Irgend einen fremden Einschluss enthalten unsere sensenformigen 
Bacterienzellen nicht. Nur kommen einzelne, aber wenige Individuen 
vor, welche ausserlich mit Schwefelkomchen versehen sind (Fig. 6, 7, 
8). Die letzteren sind kugelich, verhaltnissmassig gross, fest ange- 
haftend, von eigenartigem, schwarzem Glanz und einreihig in fast 
gleicher Entfernung von einander getrennt. Diese Schwefelkomchen 
scheinen auf den ersten Blick im Zellinneren aufgespeichert zu sein 
und es ist sogar in manchen Fallen nicht leicht, ihre wahre Lage zu 
beurtheilenJ) Jedoch beobachtete ich bis jetzt keinen sicheren Fall, 
wo die Kornchen wirklich im Zellinneren gelegen waren. SoUte der 
Fall vorkommen, so konnte man aus dem nur sporadischen Auftreten 
der schwefelhaltigen Individuen unseren Organismus als eine Art von 
Schwefelbacterien doch noch nicht betrachten. Wie dem auch sei, ist 
nur so viel wahrscheinlich, dass die Zufuhr von HjS zur Lebens- 
thatigkeit nothwendig ist, da ich den betrefltenden Organismus bisher 
in keiaen anderen als HaS-haltigen, heissen Quellen gefunden habe. 

Hier taucht die Vermuthung auf, dass unsere Bacterien vielleicht 
den HjS direlct zu Schwefelsaure oxidiren, ohne erst Schwefel ab- 
zuscheiden. Denn, es ist ja wohl begreiflich, dass einerseits, die hohe 
Energie des Bacterien protoplasmas, welches bei so ungewohnlichen 



1) Vergl. Winogradskj, ti. Schwefelbact. I.e. p. 688-589. 
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Temperaturen wie 51** bis ca. 70**C thatig ist, underseit«, der Ueber- 
schuss an SauerstofF, von dem die Bacterienrasen nur durch eine dilnne 
Wasserschicht getrennt sind, den genannten Oxidationsprocess leicht 
zu Stande bringen konnten. Somit wiirde in derselben Zeit hier 
noch weit mehr Energie gewonnen als bei jenen Schwefelbacterien 
(z.B. Beggiatoaj) die bei mangelhafteni 0-Zutritt aus dein H2S zuerst 
Schwefel abscheiden, um dann spater denselben zu SO4H2 oxidiren.*) 
Der Umstand, dass unsere Bacterien nur in fliessendem Wasser 
gedeihen, ist vielleicht z. Th. darauf zuriickzufiihren, dass so die in 
den Zellen entstehende SO4H3 viel rascher neutralisirt werden kann, 
durch die im Wasser vorhandenen Bicarbonate^), was wegen der 
Giftwirkung der freien Saure unbedingtes Erforderniss ist. 

Eine andere Art von Gallertebacterien kommt im Bad Idsusan 
vor, wo ich an der Aussenseite eines Centralreservoirs des Thermal- 
wassers ebenfalls die Schwefelrasenbildung beobachtete. Die Rasen 
sind weissgelb und 1 bis 2 cm. lang (Fig. 9) ; die sensenfdrmigen 
Zellen sind aber ausserst klein, nur ca. 4 /^ lang und 0,3 /^ breit, 
(Fig. 10, 11). Ob bei ihnen Schwefelkornchen auch ausnahms- 
weise aufoelaofert werden, konnte ich der Kleinheit wegen nicht 
entecheiden. 

In den weniger heissen, aber stark sauren Schwefel thermen 
vegetirte eine echte Leptothrizarty welche eine lockere Schwefel- 



1) Die direkte Oxidation voa H^S zu Schwofelsaure geht unter alien Umsfcanden leichter 
vor sich, als die des fein vertheilten Schwefels, yorausgesetzt, dass genttgende Sauerstofifinen- 
gen vorbanden sind. 

2) Das Qosho-no-Yu Wasser (Yumoto) enth&lt in 1 Liter 0,0624 gr. von Calciumbicarbonat, 
(„Nippon ESsensbi*' oder ^Die Mineral wasser-Quellen Japans." Eine umUiche Mittbeilnng vom 
hjgienischen Bureau des Ministeriums des Inneren Bd. II, 1885. p. 3.) 
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auflagerung auf ihren Zellwanden hat, aber wegeu des Mangels an 
Gallertsubstanz keine Sch\Vefelrasenbildung veranlasst.^) 

Um nun die Art und Weise der Schwefelauflacyeruno: auf der 
Bacteriengallerte zu studiren, suchte ich zuerst vergeblich die 
Schwefelfreie Grallertmasse, die ich endlich in einem mit Brettern 
bedeckten Ableiter des Arayu-Wassers fand. In dem oberen Theile der 
Wasserleitung innerhalb einer Strecke von etwa 2 Meter, wo ein 
beschrankter Luftzutritt gestattet war, sah ich im schnell fliessenden 
Wasser von 69** bis 69,8°C eine reichliche Entwickelung der farblosen 
Gallertbacterien, die dicht an der Innenwand des holzernen Ableiters 
anhafteten. Weiter unten, wo die Wassertemperatur unter 68® sinkt, 
beginnt schon stellenweise Schwefelabscheidung, welche besonders 
auf den der Wasseroberfliiche naheren Gallertmassen stattfand. Eine 
voUkommene Schwefelrascnbildung geschah aber nicht eher, als etwa 
in einer vom Reservoir 5 Meter Aveit entfernten Stelle. 

Die oben erwahnte scheinbar farblose Gallerte enthielt doch, nach 
meinen mikroskopischen Untersuchungen, winzige Schwefelkorner, die 
vereinzelt auf der Oberflache sassen. Das Unterbleiben des massen- 



1) Im Bad Kusazu, dessen Thermal wasser durch seinen starken Sfioregehalt bekannt ist , 
[freio Schwefelsaure 1,3 bis 2,1 gr. pro Liter, freie SSalzsaure 0,8 gr., Schwefelwasserstoff nur 0,004 
gr, („ Die Mineralwassel-QueUen Japans," I.e. Bd. II. 1886. p. 4,9 u. s. w.)], kommt eine (ippige 
Vegetation einer LeptothrixArt bei Wassertemperaturen von ca. 25" bis 53*C vor. Ihre schlanken, 
diinnen, oft mehreren Decimeter langen dicht mit feinem Schwefelpulver bedeckten Faden 
stehen im ruhigen oder nur langsam fliessenden Wasser fast senkrecht oder etwas schrig nach 
oben und f ahren sanfte Bewegungen mit der Stromrichtung aus. Der Schwefel ist auf die 
Zellwandung nur locker aufgelagert und wird durch eine schwache Erschtitterung losgerissen. 
Die Faden sind unverzweigt, cylindrisch und gleichmilssig dick, von nur 0.7 m im Durchmesser; 
das basale Ende, d. h. die AnsatzsteUe ist nur wenig verdickt ; mit Jod gef arbt tritt die Pseudo- 
gliederung hervor. Diese Art nenne ich Leptothrim ntlphurea. Spater fand ich dieselbe auch in 
dem stark sauren lliermal wasser (22* bis 42*0) in den Solfatarengegenden von Hakone. Dagegen 
traf ich diese nicht in Yumoto (Nikko) dessen Quellwass«r nur sehr schwach sauer reagirt, 
welches aber wegen des reichen Qehaltes an H.jS (etwa 0,04 gr. pro Liter, also 10 mal mehr als 
Kusazu-Wasser), ein appiges Auftreten einer Schwefelbacterienflora erm5glicht. Umgekehrt 
sucht man diese Organismen vergeblich in Eusazu oder den Hakone-Solfataren, deren Gewasser 
lu wenig H^S und zu viel Sfture en thai ten. 
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haften Incrustirens hat seineu Grund in dein mangel haften Luftzutritt, 
wodurch die Oxidation des H,S erschwert vvurde. Denn einen 
deutliclien Niederschlag von Schwefel konnte ich beobachten, wenn ich 
eine Flasche niit demselben Wasser fiillte und ohne einen Deckel im 
Ableiter selbst stehen liess. Weitere Versuche fiihrte ich folgender- 
massen aus : — 

1) Ein Bilschel der schwefelfreien Gallerte von der oben genannten 
Stelle wurde bei derselben Temperatur 69°C in einen anderen Theil 
der Wasserleitung iibergefiihrt, welcher offen und der Luft exponirt 
war. Hier war nach einer halben Stunde eine deutliche Schwefel- 
auflagerung wahrzunehmen. 

2) Einige andere Bilschel derartiger schwefelf reier Gallerte wurden 
in eine offene Quelle von 59**C in den Schwefelsumpf gebracht und 
einem schnellen Wasserstrom ausgesetzt. Nach J Stunde schon nahmen 
die Gallertmassen ein milchweisses Aussehen an. Die Schwefelaus- 
scheidung nahm stetig zu und nach einer Stunde waren die Gallert- 
biischel so reichlich incrustirt und von der urspriinglichen flockigen 
Geatalt so verschieden, doss ich ihn von den nebenstehenden Schwefel- 
rasen nicht mehr unterscheiden konnte. 

3) Eine Anzahlfeiner Zwirnfaden wurden resp. mit Starkekleister, 
halb coagulirtem Eiweisa, cone. Gelatinelosung oder dickem Leim 
bestrichen und zugleich an derselben Stelle wie Versuch 2 wahrend 
^ Stunde schweben lassen. Auf alien diesen Objecten fand eine nur 
sehr unbedeutende Schwefelabscheidung statt, keineswegs mit der 
reichlichen, wiesie auf der Bacteriengallerte selbst (Versuch 1) stattfand, 
vergleichbar. 

4) Papier-oder Zwirnfasern die nicht mit einer Gallertsubstanz 
befenchtet waren, zeigten nach 1 Stunde nur sparliche Schwefelkorner. 

Aus diesen Versuchen sehen wir, dass die Fahigkeit, sich mit dem 
Schwefelmantel zu urakleiden, wenigstens bei alien von rair benutzten 
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Gallertarten weit zurucksteht hinter derjenigen der Bacteriengallerte ; 
diese merkwurdige Sch wefelanhaftung muss daher durch die specifischen 
Eigenschaften der GallertsubstaDz zu Stande kommen. 

Diese SchwefelincrustiruDg muss an den offeneu Stellen von 
Anfang der Gallertentstehung an von Statten gehen. Irgend eine 
nachherige Vergrosserung der ganzen Gallertmasse hat auch immer 
eine entsprechende Volumenzunahme des Schwefelraaens zur Folge. 
Und da diese Schwefelbedeckung sich bis auf die feinsten einzelnen 
Fasern erstreckt, so sucht man vergeblich in einem unbedeckten 
Quellabflusse urspriingliche schwefelfreie Gallerte. 

Dass diese dichte Schwefelumkleidung dem Bacterienleben nach- 
theilig sei, ist nicht wahrscheinlich, da die Zufuhr der nothigen 
NahrungsstofFe desshalb noch nicht erschwert wird ; vielmehr k&nnte 
der Vorgang von Vortheil sein, insofern als die zarten Gallertemassen 
dadurch gegen manche aussere Einfllisse geschlitzt werden. 

Anders ist es bei den im bedeckten Raume vegetirenden Rasen^ 
wie oben erwahnt. Hier bleiben sie, so lange die urspriingliche 
Bedingung erhalten ist, von einer Schwefelincrustation verschont* 

Farbiose Schwereibacterien. 

Nachstfolgende, gemeinsame Schwefelbacterienarten kommen im 
Thermalabwasser von Yumoto reichlich vor. 

Thiothrix nivea (Rabenh.) Winog. [Beitr. p. 39. Ta£ I. 
Eig. 7, 9, 10.] Im Schwefelsumpf u. A. (20^ bis 29^C), bildet 
grauweisse mit Schwefelkornchen beladene Blischel auf im Wasser 
befindlichen Gegenstanden, besonders auf Pflanzenresten. 

Thiothrix nivea (Rabenh.) Wing. nov. var. verticillatu. Fig. 13. 
Zellen fast gleichmassig dick, 2, 5 bis 3 fx. Yon den Ansatzstellen 
gesellig und strahlig angevvachsen, sitzen neue Zellen wiederum 
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strahlio^ aa verschiedenen Stellen eines ausgewachsenen Eadens, so 

dass, ein characteristiaches, wirbelfomiges Aussehen resultirt. Im 

Yugo-See (22**C), auf Moosblattern, Algenfaden etc. 

Thiothnx tenuis Winog. [Beitr. p. 40. Taf. I. Fig. 8, 11.] Fig. 14. 

Zusammen init Thiothnx nivea in einem Abfluss (29**C) von Thermal- 

wasser. 

Beggiatoa alba (Vouch.) Trev. [Winog. Beitr. p. 23. Taf. I. 
Fig. 1.] In Graben und Tumpeln (16*'-21*^C.) 

Rothe Schwefelbacterien. 

Die Bodenflftche des Schwefelsumpfes zu Yumoto ist verschied- 
en gefarbt. Neben dem prachtvollen weissen Schwefelrasenmantel 
kommt die blaugriinliche Farbe einer uppigen Vegetation von 
Oscillarien sowie anderer Algen und ein braungelber Schlamm einer 
Diatomeenflora zum Vorschein. Ausser diesen bunten Farbung 
kommen auch hie und da leicht rothe bis carmoisinrothe Flecken vor, 
die eine bedeutende Ausdehung haben. Diese verrathen auf den ersten 
Blick die Wohnsitze der Cferowiaimmarten, welche bei genauerem Suchen 
an noch vielen anderen Orten bei Yumoto gefunden werden. 

Folgende Arten rother Schwefelbacterien kommen vor : — 

Chromatium Weissii Perty. [Winog. Beitr. p. 97. Taf. IV. 
Fig. 1.] Fig. 15. Am haufigsten. Im August 1895 fand ich eine 
grosse Colonie auf dem dicht hinter dem Jizai- Yu gelegenen Graben- 
boden, dessen Oberflache mit der schonen, rothen Haut fast bedeckt 
war. Im August dieses Jahres aber fand ich an derselben Stelle 
keine Spur mehr davon, dagegen erschieu es in einem anderen Graben, 
wo es im Jahre vorher nicht zu sehen war. Die Wassertemperatur 
der Fundorte fand ich von 23^ bis 35''C. 

Chromatium minus Winog. [Beitr. p. 99. Taf IV. Fig. 5.] 
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Fig. 16. Auf dem Boden des Schwefelsumpfes. 26**C. 

Chromatium vinosum (Cohn) Winog. [Beitr. p. 99. Taf. IV. 
Fig. 6, 7.] Fig. 17. Fundorte wie vorige. 29° bia 42^C. 

Chromatium minutissimum Winog. [Beitr. p. 100. Taf. IV. 
Fig. 8.] Fig. 18. Fundorte wie vorige. 28*C. 

Thiodeima roseum nov. Gen. et Sp.') Fig. 19. Zellen sphaeroidisch* 
2.5 /I lang, 1.5 /x breit, leicht roth gefarbt, mit kleinen, winzigen 
Schwefelkornchen. Zu diinnen, abnehmbaren matt purpurrothen 
HSutchen vereinigt. Schwarmfahig. Auf Grashalmen, Grasblattern 
etc. in einem feuchten Boden bei Jizai-Yu. 27°C. 

AUe oben erwahnten Arten von 1 bis 4 fand ich selten fiir sich 
allein, meistens gemischt. 

Zur Physiologie des Chromatium Weissii. 

Wir behandeln hier haupt^achlich die chemotaktische Reizbarkeit, 
die wir bei unserem Organ ismus experimentell zu beweisen such ten* 
Bevor wir aber zur Schilderung der Resultate schreiten, mag noch 
Einiges iiber die KultiviruDg gesagt werden. 

Ich nahm am 26. August 1895 ein Quantum des Chromatium- 
Sch warmer haltenden, rothen Waasers nebst einer kleinen Menge von 
Schlamm aus demselben Fundorte mit nach Tokio. Am 31. August als 
das Material untersucht wurde, war die urspriingliche, schone, rothe 
Farbung fast verschwunden und der graubrSunliche Bodensatz hatte nur 
einzelne noch lebendige Exemplare. Um nun eine Reihe von Kulturen 
anzustellen, wahlte ich 3 je 500 ccm haltende, flache Gefdsse mit 
weiter Oeffnung. In die erste kam nur der Schlamm, in die zweite 
noch ein geringer Zusatz von Gyps, die dritte enthielt statt Schlamm 
Schwefelrasen (Bacteriengallerte). Nachdem alle 3 Gefasse einen 

1) Eine andere Art dieser Gattung^ trat im meinen Kulturbasain filr Soliwefelbacterieii auf. 
Siehe den Anhang zu dieser Arbeit. 
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Zusatz vom urspriinglichen Chromatium-haltenden Wasser erhalten 
batten, warden sie mit Deckeln versehen und in einem dunklen 
Schrank aufbewahrt. Am 17. September war das Ghromatium in der 
Flascbe I zu voller, neuer Entwickelung gelangt, indem das Gefass- 
wasser mit rothen, wolkigen Massen getriibt war. Die Flascbe III 
batte nur an bestimmten Stellen der Scbwefelrasenmasse lebbaft 
geftlrbte Flecken, die sieb von den tibrigen, weissgelben Tbeilen scbarf 
unterscbieden. In der Flascbe II war es nocb zu keiner makroskopiscb 
sicbtbaren Entwickelung gekommen. 

Wabrend in No. I und III keine Vermebrung spater beobachtet 
wurde, und die rotbe Farbung allmalig verscbwand, kam am 8. 
November in No. II ein plotzlicbes Auftreten der rotben Farbung 
oberbalb des Scblammes, besonders aber an der inneren Wandung der 
Flascbe, zu Stande. Das Wasser rocb deutlicb nacb HjS und braunte 
das Bleipapier. Die Entwickelung der rotben Organismen scbritt 
taglicb fort bis zur Mitte des Monats und sank dann wieder 
allmalig, obgleicb die Scbwarmer nacb 5 Monaten nicbt ganzlicb 
abgestorben waren'). WSbrend dieser Zeit beobacbtete icb, dass die 
ungiinstigen Bedingungen wie Nabrungs — sowie H,S — Mangel und 
sonstigen Scbftdlicbkeiten ausgesetzten Zellen in den Scblamm sanken, 
aber besonders massenbaft sicb zwiscben dem Boden und der Flascben- 
wandung ansammelten, wo sie zur Bildung einer mattrotben Haut 
fiibrten. 

Die Zellen gingen auf die Weise nicbt gleicb zu Grunde, sondern 
bebielten nocb eine Zeit lang Lebensfabigkeit, denn es gelang mir 
oft, ein aus solcben unbeweglicben, jedocb nocb leicbt-rotb gefarbten 
Zellen bestebendes Hautcben unter Zufubr von scbwacbem HaS- Wasser 
und nacb kurzem Einfluss des vom Mikroskopspiegel reflektirten 



1) Zeitweilige Zufahr Tom schwachen H]S-Strom ins Kaltur wasser schien Yoriheilhaft zu 
sein, dagegen die Anwendong st&rkeren HiS-Wassers wurde als sch&dlicb erkannt. 
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Lichtes wieder zum Schwarmzustande auslosen zu kdnnen, — die bisher 
todstill gebliebenen 2^1 len begunneD zuerst an den RSndern des 
Haufens eine zitternde Bewegung auszufUhren, welche aber allofialig 
zu einer kraftigen, zuckenden ttbergingen und schliesslich rissen sie 
sich von der Masse los. Diese Erseheinung dauerte so lange, bis ein gros- 
ser Theil des Hautchens nach und nach schwarmfahig wurde. Diese 
Versuche gelangen nur bei denjenigen Individuen, welche sich noch 
roth farbten und einige SchwefeleinschlUsse im Zellinneren fuhrten, 
dagegen war es vergeblich, bei einem verblassten, schwefelfreien 
Exemplar Lebenserscheinungen hervorzurufen.^) 

Da Schwefelwasserstoff beim Gedeihen der Schwefelbacterien, wie 
die Untersuchungen von Wi nogr adsky bewiesen haben, eine wichtige 
Rolle spielt, so drSngt sich die Frage auf, ob unsere rothen Bacterien 
iiberhaupt durch HjS chemotaktisch reizbar seien und wie sich diese 
gegen noch manche andere StoflFe verhalten. Es wurde desshalb eine 
Reihe von Versuchen im verflossenen Herbst angestellt und zwar mit 
den Proben, welche aus der oben geschilderten Kultur II stammten. 
Zur Anwendung kam die bekannte Pfeffer'sche Capillarmethode.*) 
Der Durchmesser der Capillare an der Mundung war ca. 0,05 mm und 
die Lange derselben ca. 1 cm. Zum Ueberfiihren des Materials be- 
nutzte ich eine kleine Glaspippette, mit welcher ich eine beliebige Menge 
der rothen Schwamer direkt aus dem Kulturbassin einsaugen konnte. 
Wegen der auflFallenden Farbe sowie der bedeutenden Grosse einzelner 



1) Dass die Zellen auch einem Wassermangel in gewistem Grade widerstehen seigt der 
f olgende Versuch : — ^lob liess einige lebhaf t bewegliohe Indiyiduen aof einem ObjecttrSger ca. 1 
Stunde lang allmalig eintrocknen. Einige Exemplare yerloren dabei ibren Farbstoif und 
waren mebr oder weniger gesohrampf t» wahrend andere nocb die ursprttngliohe Farbe bebielten 
und nur wenig abgerandet wurden, dabei zeigten sie keine Spur Yon Bewegung. Nach der 
Herstellung dee Wasserstroma begannen jedocb die nocb rotb gefarbten Zellen wieder zu 
■cbwarmen. 

2) Looomotoriscbe Ricbtungsbewegungen durch chemitcbe Reize, (TJntera. a. d. botan. Inst. 
z. Tttbingen Bd. I. Heft HI. 188i. p. 367.) 
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Bacterien konnte mtm das Verhalten der ganzen Sch warmer gegen 
den eingefiihrten Stoff schon bei einer schwachen Vergrosserung 
deutlich erkennen. 

Schwefelwasserstoffwasser. 

A) Eine schwache Losung. Das Bleipapier farbte slch leicht- 

braun : — 

a) Die Sch warmer befanden sich in der urspriinglichen 

Fliissigkeit : — 
Zuerst eine starke Ansammlung an der Capillarmundung 
und dann folgte das Eindringen in das Capillarinnere. 
Die Schwarmer verliessen aber die Capillare wieder 
und kamen nach Aussen. 

b) Die Schwarmer waren in dem Leitungswasser : — 

Ein momentanes Ansammeln um die Mundung und 
bald darauflfblgendes Eindringen ins Innere der 
Capillare. Ein sofortiges Herauskommen der ein- 
gedrungenen wie bei (a) resultirte dabei niclit ; 
sie drangen im Gegentheil immer weiter hinein. 
Wahrscheinlich wirkte hier HjS starker, da die 
Schwarmer vorher im gewohnlichen Wasser sich 
befanden und dadurch vielleicht an einem „ Schwefel- 
hunger " litten. 

B) Eine stSrkere Losung. Das Bleipapier farbte sich braun- 

lich-schwarz :— 

Die Schwarmer waren in der urspriinglichen Fliissigkeit.*) 

Zuerst eine Ansammlung in gewisser Entferung von 

der Capillarmiindung. Die Masse riickte aber allma- 

lig vorwarts und nach ^ Stunde bildete sich ein dichtes 



1) In alien unten bescbriebenen Fallen, wenn niobfc besonders erwuhnt, befanden sich 
<Ue VerauoliBorganismen stets in der KnltarflOBsigkeifc. 
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Gedrange um die Miindung sowie iu dein ersten Theil 
der Capillare. Langsam, doch immer vorwarts, gingen 
die SchwKrmer und zwar mit lebhafterer Bewegung 
im Inneren und kamen 6 Stiinden nach Beginn des 
Versuches bis zu eiuer in der Capillare bereits 
vorhandenen Luftblase. leh wiederholte den Versuch 
mit HgS-Wasser und gelangte zu ahnlichen, positiven 
Resultaten. Betont muss aber werden, dass eine 
unverkennbare Schwankung der Reizempfanglichkeit 
seitens des Organismus in diesem Falle sowie in 
anderem existirte, eine Schwankung, welche bei zwei 
andern gleichen Versuchen mit ebenso stjirkem H,S- 
Wasser zu widersprechenden Resultaten fiihrte. 
Kaliumnitrat.*) 

0,3%. Eine starke, momentane Ansammlung um und in 
dem obereu Raum der Capillare (Fig. 20.) Wahrend 
die dichten Schwarmer langsam nach dem Capillar- 
inneren vordrangen, steuerten andere Individuen von 
verschiedenen Richtungen nach der Reizquelle hin und 
dies dauerte einige Minuten lang, bis in der Aussen- 
fliissigkeit iiberhaupt nur eine geringe Anzahl mehr 
von ihnen gefunden werden konnte. Eine - Stunde 
nach Beginn des Versuches bildeten die ein- 
gedrungeueii eine dichte, ca. 1,5 mm lange Zone, 
welche immer weiter vorwarts riickte, bis sie schliesslich 
nach 3 Stunden eine von der Capillarmiindung 6 mm 
weit gelegene Luftblase beriihrte (Fig. 21.) In einer 
feuchten Kammer aufbewahrt blieben die Schwarmer 



1) Die Sake in den Versuchen wurden Tor dem Gebrauoh gut ausgetrocknet. 
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in der Capillare noch mehrere Tage lebendig.^) 

Wie gross die Zahl der in dieser Weise in die Capillare 
angelockten «Schwarmer sein konnte, kann man 
ungefahr ausrechnen. Da die durchschnittliche 
Grosse unseres Organismus ca. 10 // uud 5 fx^ und der 
innere Durchmesser des hier benutzten CapLIlar- 
rohrchen 0,05 mm betrug so musste die wirkliche 
Zahl der im obigen Versuche eingedrungenen Indivi- 
duen nicht weniger als 2 Millionen sein. 

Die Bewegungsschnelligkeit der ganzen Zone der Schwarmer 
im Capillarinuere warn hier nur langsam, etwa 1,5 mm 
pro Stunde. Im Vergleiche dazu ist das Vorriicken der 
im normalen Zustande befindlichen Individuen aber 
sehr geschwind ; es betragt ca. 80 /x pro Secunde, also 
288 mm pro Stunde. 

Die starke Ansammlung, welche die Capillarmundung oft 
zum Verstopfen bringt, ist wieder von Bedeutung, da sie 
dem im Inneren enthaltenen Reizstoff eine schnelle 
Mischung mit der Aussenflussigkeit ersehwert und ihn 
eine Zeit lang auf den eingedrungenen Schwarmer 
seinen Keizeffekt ausuben lasst. 

0,5% erzielte ahnliche jedoch nicht so starke Ansamml- 
ung wie bei 0,3%. 

\% wirkte zuerst repulsiv, veranlasste aber nachher eine 
schwache Ansammlung um einer Entfernung der Capil- 



1) In einem derartigen Praeparate, welches am 24. October hergestellt wurde, woren die 
Schwarmer bis sum 27. November lebendig. Eng^elmann beobachtete sogar, dass „ anscheinend 
T5Uig schwefelfreies Bact. photorrutricum, wenn es in HjS-freien Wasser, in grosser Zahl in 
Glasrdhren oder auf dem Objecttrager unter dem Deckglas auf bewahrt ward, sich noch nach 
Wochen sehr lebhaft bewegt und auch sich yermehrt." (Die Purpurbaoterien und ihre 
Bhezieungen zum Lichte. Bot. Ztg. 1888. p. 719). 
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larmundung. 

Ammoniumnitrat. 

0,3%. Eine Ansammlung an der Capillarmiindung. 

Calciumnitrat. 

0,3%. Eine schwache Ansammlung an der Capillarmiind- 
ung. 

Ammoniumtartrat. 

0,5%. Eine momentane, reichliche Ansammlung um die 
Capillarmundung. Diese ordnete sich nach einigen 
Minuten zu einer kreisrunden Flache, deren Durch- 
messer das Mehrfache des Capillardurchmessers betrug 
und die makroskopisch als rother Punkt erkennbar 
war. Die Schwarmer begannen dann langsam ins 
Capillarinnere vorzuriicken und waren nach einer 
Stunde bis zu massiger Tiefe vorgeschritten, jedoch 
blieb noch eine grossere Menge ausserhalb, nahe der 
Miindung. Wahrscheinlich wirkte hier eine 0,5% 
Losung zu stark, um ein sofortiges Eindringen zu 
gestatten, welches erst resultirte, wenn die innere 
Losung sich durch DiiFusion langsam verdunnte. Ich 
bewahrte ein solches Capillarpraeparat, welches lebend- 
ige Zellen enthielt, in einer feuchten Kammer vom 13. 
November bis 1 6. December auf. Am letzt genannten 
Tage, als dasselbe Praeparat zur Untersuchung kam, 
war die rothe FSrbung der bewegungslosen Zellhaufes 
in der Capillare noch nicht verschwunden und die 
Schwefeleinschliisse in den Zellen noch immer z. Th. 
vorhanden. Nach 5 Minuten langem Einfluss des 
von einer Lampe reflektirten Lichtes aber wurden die 
Zellen, eine nach der anderen, bewegungsfahig und 
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schwammen nach dem hinteren Theil des Capillar- 
raums bin, wahrend diejenigen Individuen, die in der 
Aussenflussigkeit verblieben, verblassten und nicht mehr 
lebendig wurden. 
Seignettesalz (BLaliumnatriumtartrat.) 

0,3%, Eine starke Ansammlung an der Capillarmundung 
und eventuelles Eindringen ins Innere. 
Ammoniumphosphat 

0,3%. Eine momentane, starke Ansammlung an der Miind- 
ung und darauflfolgendes Eindringen. 
Monokaliumphosphat (neutralisirt durch Natriumcarbonat.) 

0,3%. Eine starke Ansammlung in dem oberen Theil des 

Capillarraums. 
0,8%. Eine schwache Repulsion. 
Natriumchlorid. 

0,3%. Eine sehr schwache Anziehung. 
0,8%. Eine Repulsion. 
Ammoniumchlorid. 

0,3%. Fast indiflferent, oder sehr schwache Anziehung. 
0,8%. Eine Repulsion. 
Ammoniumsulfat. 

0,3%. Eine Anziehung. 
Magnesiumsulfat. 

0,3%. Faat indiflferent. 
Natriumcarbonat. 

0,3%. Eine Repulsion. 
Natriumbicarbonat. 

0,3%. Eine schwache Repulsion. 
Kaliumchlorat. 

0,3%. Eine Repulsion. 
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AlaUD. 

0,3%. Eine Repulsion. 
Ammoniak (sehr starke Losung). 

0,5%. Eine Repulsion. Die Repulsionssphaere hatte einen 
Durchmesser ea. 5 mal grosser als der Capillardurch- 
messer. 
Rohrzucker. 

0,5%. Eine schwache Ansainmlung um die Capillarmiind- 
ung. 
Traubenzucker. 

0,5%. Eine schwache Anziehung. 
Milchzucker. 

0,5%. Eine schwache Anziehung. 
Asparagin. 

0,5%. Eine schwache Anziehung. 
Glycerin. 

0,5%. Fast indiflferent. 
Pepton. 

0,5%. Eine Ansammlung an der Mundung. 
Fleischextrakt. 

0,5%. Eine ziemlich starke Ansammluug an der Miindung. 
Aepfelsaure. 

0,5%. Eine moinentane, starke Repulsion. Die dabei 
gebildete Repulsionssphaere hatte einen scharfen Umriss, 
mit einem Durchmesser ca. 43 mal grosser als deijenige 
von der Capillare (Fig. 22.) Diejenigen Individuen, 
welche in die Wirkungszone der Saure zufallig 
gekommen waren, kehrten bald nach Aussen zuriick. 
Die Erscheinung dauerte mehrere Stunden lang, mi 
immer undeutlicher werdender Repulsionssphaere. 
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Wie die oben beschriebenen Versuchsresultate hinreichend zeigen, 
iat unser Chromatium Weissii sehr deutlich mit der chemotaktischen 
Reizbarkeit begabt. Zu den besten Reizstoflfen soweit unsere Versuche 
reichen, gehoren neben dem Sehwefelwasserstoff, Tartrate, Phosphate, 
Nitrate (hauptsachlich Kaliumnitrat), welche aber nur in schwacheren 
Concentrationen Anziehungen erzielen konnen, da sie bei geringer 
Concentrationssteigerung gleieh Abstossungen veranlassen. Weder 
Fleischextrakt, Pepton, noch Zuckerarten, die sich in anderen Fallen*) 
als vorzugliche Reizstoffe erwiesen, kommen hier zu voller Geltung. 
Die Repulsionsmittel, die ich auflfiand, wirkten entweder nur durch die 
Concentration oder durch ihre specifischen Eigenschaften. Bedeutungs- . 
vol! ist aber ihre Reizbarkeit gegen HjS, welche in Hinsicht der 
specielien Lebensweise unserer Organismen eine wichtige RoUe spielt. 

Ich hatte keine Gelegenheit auch andere freibewegliche, rothe 
Schwefelbacterien auf dieselben Erscheinungen zu priifen, doch hege 
ich keinen Zweifel, dass diese Eigenschaft auch bei ihnen vorkommt. 

Dass unser rother Organismus auch nach Art des Kontaktreizes 
reagirt, kann nicht geleugnet werden, da ich sehr oft ein Herumtum- 
meki von Individuen um irgend einen festen Gegenstand wie Gyps-oder 
Schwefelkrystallchen, oder dem Detritus organischer Korper beobach- 
ten konnte. Diese Erscheinung konnte ich durch das Zubringen frisch 
gefallter Gypskrystallchen oder gereinigter Sandpartikeln oft^rs her- 
vorrufen ; es kann hier nicht eine chemische Reizung der angewandten 
Stoflfe vorliegen, sondern ist, wie bei manchen Infusorien') bekannt, 
an eine Art von Beruhrungsreiz zu denken. 

Die Neigung unserer Bacterien, sich hSufig anzusetzen und an 

1) Vergl. Pfeffer» Ueber chemotaktisohe Bewegungen von Bacterien, Flagellaten und 
VolYOoineen, (Unters. a. d. botan. Instit. z. Tubingen Bd. II. Heft III. 1888. p. 611.) und 
Miyosbi, XJeber Chemotropismusder Pilze» (Bot. Ztg. 1894. Heft I. p. 18.) 

2) Vergl. Miyoshi, Physiologisohe Studien fiber die Ciliaten, (Botanioal Magazine* 
Vol. X. No. 112. Tokio, 1896. p. 48.) 
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den Flachen voin Objecttrager und Deckglaschen anzuhaften, beruht 
wohl auf derselben Ursache, eine Erscheinung, die man bei Paramcecium^ 
Golpidium und andere Ciliaten gewohnlich wahrnimmt. Zuweilen sah 
ich nur eine geringe Anzahl von Individuen eine Zeit lang um ein 
Gypskrystallchen sich herumtummeln, in andern Fallen aber kamen 
immer neue Individuen von der Umgebung herbei und so wuchs das 
urspriingliche, kleine Kliimpchen um ein Centrum zu einem grosseren 
Haufen an, welcher aber nach einiger Zeit sich wieder zum Schwarmen 
aufloste. Wie massgebend diese mechanische Reizung auch sein mag, 
um die Schwarmer zur Haufenbildung zu filhren, darf man doch auch 
nicht vergessen, dass chemische und andere Reize solche Zellhaufen 
ebenfalls zu Stande bringen konnen.*) 

Zusammenfassung einiger Resultate. 

1) Die Schwefelra^en von Bad Yumoto (Nikko) und Bad Schibu 
entstehen durch die Ablagerung des Schwefels auf die im H,S- 
haltigen Thermalwasser (von ca. 51** bis 70®C) vorkommende, 
schleimige Bacteriengallerte. Im schnellfliessenden Strome fallt der 
Schwefel in amorphen Kornchen oder unvoUkommenen Krystallchen 
aus ; dann sehen die Rasen mehr weiss als gelb aus. Im langsam 
stromenden Wasser setzt sich das Element in grosseren Krystallen, 
meistens rhombischen Octaedern ab, uud verleiht den Rasen eine mehr 
gelbe Farbe. 

2) In den Gallertmassen ist eine unzahlige Menge von sensenform- 
igen Bacterienzellen stets zu finden. Andersartige Zellformen treten 
gewohnlich zusammen mit den ersteren in grosserer oder kleinerer 
Anzahl auf. 



1) In allemea68ter Zeit besohrieb Jegunow das Zustandekommen eig^nthiimlicher 
Scliwefelbacterien-Qesellsoliaften. (Bakt. Oentralblatt 2te Abth. 1896. Bd. n. No. 1. 14. 15.) 
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3) In Yumoto kommen 4 fiirblose und 5 rothe Schwefelbacterien 
vor. 

4) Das rothe Schwefelbacterium, Ghromatium Weissii ist chemo- 
taktisch reizbar : es wird durch verdunnte Losungen von H,S, 
Ammoniumtartrat, Kaliumnitrat, Ammoniumphosphat u. A. stark 
angelockt, dagegen durch hohere Conoentrationen dieser StoflTe, 
sowie durch die specifische Eigenachaften gewisser anderen Stoffe 
abgestossen. 

5) Chromatium Weissii ist durch Beriihrung reizbar, was oft zu 
einer dichten Haufenbildung fiihrt. 

Anhang. 

Folgende Arten von Schwefelbacterien traten in einem Kultur- 
bassin auf, welches einige Rhizomenstucke von Brasenia peltata aus 
dem Teiche im botanischen Garten der Universitat nebst einen 
Zusatz von Gyps enthielt. Der Bassin stand in einem dunklen Raum 
des botanischen Institutes, ca. 7* Jahre lang, 

Beggiatoa alba (Vauch.) Trev. Als grauweisser Ueberzug auf 
den vermoderten Rhizomenresten. 

Beggiatoa minima Winog. [Beitr. p. 25. Taf. I. flg, 3] mit der 
vorigen Art zusammen. 

Thiotlmx nivea (Rabenh.) Winog. Erschien als flockige, 
graue Blischel, welche in einer grossen Anzahl unmittelbar unter dem 
Wasserspiegel hiengen (Fig. 23). Die Buschelmasse war nur ca. 5 
mm ]ang und adharirte mit ihreui oberen, farblosen gallertartigen 
Theile an diinnen, aus Bacterienzoogloea und Kalkkrystallen 
bestehenden Hautchen. Der untere Theil der Buschel war dichter 
und dunkler wegen der Verwachsung der Faden und der Ansiedelung 
einer anderen, der nachstfolgenden Schwefelbacterienart. Die BUschel- 
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bildung kam auch an den inneren Bassinwanden zn Stande, jedoch war 
sie nur auf die oberste Wasserschichte beschrankt. 

Thiosphaenon violaceum nov. Gen. et Sp. (Fig. 24). Zellen sphaero 
ellipsoidisch, ca. 2.5 /^ und 1.8/^ gross, violett gefarbt, mit winzigen 
Schwefeleinschlussen, durch eine gallertartige Substanz zu soliden, 
rundlichen Familien verbunden. Schwarmfahig. An den Faden 
von Thiothnx nivea. 

Thiosphaera gehtinosa nov. Gen. et Sp. (Fig. 25). Zellen sphaero- 
ellipsoidisch, 7 /^ und 5 // gross, leicht violett gefarbt, mit einer 
farblosen Gallertsubstanz zu einer Familienmasse locker verbunden. 
Schwefeleinschliisse ziemlich zahlreich. Schwarmfahig. Auf dem 
Schlammboden. 

Thioderma mhrum nov. Sp. (Fig. 26). Zellen ellipsoidisch, 4 /^ 
und 2 // gross, leicht roth gefarbt, zu einer leicht pfirsichschbliithroth- 
en, abnehmbaren Haut verbunden. Schwarmfahig. Auf dem 
Schlammboden. 



Im September 1896. 

TOKIO, BOTANISCHES InSTITUT 

DER KaISERL. UnIVERSITAT. 
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Figuren-ErklSrung. 



Die Figuren 1, 24, 26 sind von Herrn S. Hi rase, Assistenfe an dem botanisch- 
en Institute, angefertigt worden. Alle Ubrige Zeicbnungen sind von mir. 

Fig, 1. Ein Sobwefelrasenstiik aus einem scbnell fliessenden Thermalwasser 
in Ynmoto, bei Nikko. In einem Becberglas flottierend. Nat. Gr. 

Fig. 2. Ein Brucbstilck eines vom Schwefel noch nicbt ganz umgekleideten 
Gallertfadens mit sensenformigen Bacterien. Der Scbwefel kiystallisirt in rhombi- 
sohen Oct&edem. Yergr. 420. 

Fig, 3, Ein &bnliches Stiick mit amorpLer Scbwefelablagernng. Yergr. 240. 

Fig, 4. Ein Spitzentbeil eines Gallertfadens mit spilrliohen Scbwefelk5mcben. 
Yergr. 240. 

Fig, 5. Ein Bracbsttick eines Gallertfadens eines im Jangsamen Strome vege- 
tirenden Easens. Der Scbwefel setzt sich in Form grosserer Krystalle ab. Yergr. 
240. 

Fig, 6, Ein Bracbsttick eines dtinnen Fadens aus einer scbnellen Strdmnng. 
Die Scbwefelablagernng fand meistens in Form amorplier Komcben selbst anf den 
dtinnen Bacterienzellen statt. Yergr. 1000. 

Fig, 7. Einzelne Bacterienzellen. Die Zellen ftihreu anf den Zellwftnden 
aufgelagerte ScbwefelkOmcben, die oft wie im Zellinneren zu liegen scbeinen. Yer- 
gr. 1000. 

Fig, 8, a, b, c, Bacterienzellen in verscbiedenen Grbssen. Nur an zwei In- 
dividnen sind die Geiseln gezeicbnet. Yergr. 1000. 

Fig, 9. Ein Bracbsttick des Scbwefelrasens aus einen Tbermalfltisscben im 
Bad Idsusan. Der mittlere, scbwarze Tbeil bestebt aus ScbwefelkQmcben and 
Schwefelkrystallcben, die randstiindigen Ptinktcben stellen die aus der Gallerte ber- 
vortretende Bacterienmasse dar. Yergr. 420. 

Fig. 10. Ein Spitzentbeil ernes abnlicben Rasens. Die Scbwefelkrystalleben 
in Prismen und Octaederu treten deutlicb bervor. Yergr. 420. 

Fig, Jly a. Ein iibnlicber Spitzentbeil mit 2 langen Ijeptothnx&lmlichen 
Fiiden. b. Einzelne Bacterienzellen. Yergr. 420. 
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Fig. 12. Einzelne Bacterienzellen nocli starker vergrossert. Vergr. 1000. 

Fig, 13, Thiothrix nivea, car. veiticillata. Auf einem todteii Algenfaden. 
Jtingere, kttrzere Faden zusammen mit alteren, langeren Faden wirbelf5rmige, fal- 
sche Verastelung bildend. Vergr. 420. 

Fig, 14. Thiothnx tenuis. Anf zwei mit Schwefellvrystallcbeii z. Tb. bedeckteu 
Faden von Thiothn\c nivea. Vergr. 420. 

Fig, 15, Chromatitim Weissii. Vergr. 1000. 

Fig, 16. Chromatium minus. Vergr. 1000. 

Fig. 17. Chromatium vinosum, Vergr. 1000. 

Fig, 18. Chromatium minutissimum, Vergr. 1000. 

Fig, 19, Thioderma roseum. Vergr. 1000. 

Fig, 20, Eine starke Ansammlung der Scbwarmer von Chromatium Weissii 
um die Capillarmtindang und aucb im ersten Tbeile des Capillarraumes. Die Capil- 
lare entbielt 0.8^ Ammouiuninitrat. Gezeicbnet unmittelbar nacb dem Einsobieben 
der Capillare. Eiue grosse Anzabl von frei scbwimmenden Zellen befanden siob uocb 
in der Aussenfliissigkeit. Die Qnerlinie stellt einen Band vom Deckgl&scben dar. 
Vergr. 85. 

Fig, 21. Dasselbe Praeparat 8 Stnnden nacb dem Eintreten in die Capillare, 
(die Stellung der Capillare etwas ge&ndert.) Die Scbwarmermasse riiokte immer 
weiter vorwtirts. Vergr. 85. 

Fig, 22, Eine durcb 0,6 % Aepfelsaure auf Chromatium IVeisni erzielte Bepnl- 
aionsspb^e. Vergr. 50. Gezeicbnet unmittelbar nacb dem Einscbieben der 
Capillare. 

Fig, 23, Eine profile Daratellung der unter dem Waseerspiegel b&ngenden 
Buscbel von Thiothrix nivea. Die Biiscbel baften mit ibrem oberen, farblosen, galler- 
tartigen Tbeile auf den flottierenden Bacterien- und der Kalkkryst&llcbenbaut. Der 
untere Tbeil siebt wegen des geselligen Verwacbsens der Faden sowie wegen der An- 
siedelung anderer Scbwefelbacteriencolonien mebr dunkel aus. Nat. Gr. 

Fig, 24. Thiosphaerion violaceum. a. Eugelicbe Colonien auf den Filden von 
Thiothrix nivea. Vergr. 240. h. Einzelne Zellen. Vergr. 420. c. 2 Fadenstiicke 
von Thiothiix nivea : das eine mit dicbten Scbwefelkdrnem, das andere scbwefelfrei ; 
die falscbe Gliederung sicbtbar. Vergr. 790. 

Fig. 25, Thiospftaera geUitinosn. Die locker gebundenen Zellen sind in einer 
gelatindsen byalinen Grundsubstanz eingebettet. Vergr. 420. 
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Fiff. 26. Thiodernia ruhrum, Eia Bruchstuck aus eiaen Zellhaufen. Vergr. 



420. 
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Die Entwickelung der Gonophoren bei 
Physalia maxima.^^ 



von 



Seitaro Goto, RIgakushI, RlgakuhakushL 
Professor der Biologic an der Ersten Hochschule in Tokyo. 



Hierzu Taf, XV, 



Folgende Beobachtungeu wurden an einigen, von ineinem 
verehrten Lehrer, Herrn Prof. Dr. Brooks, vor einigen Jahren 
gesammelten und conservirten Materialien, welche er gUtigst mir 
uberlassen hat, ausgefiihrt. Ich habe sie mit besonderer Rucksicht 
auf die Frage nach der Natiir des sogenannten weiblichen Gonophors 
(Haeckel) untersucht. Auch habe ich die Entwickelungsstadien des 
mannlichen Gonophors studirt, und da ea, meines Erachtens, eine 
bisher nicht beobachtete Besonderheit darbietet, und da Weismann 
in seiner Monographic iiber die Entstehung der Sexualzellen bei den 
Hydromedusen die vorliegende Art hat unberiihrt lassen miissen, so 
scheint es mir, dass es nicht ohne Wert sein wird, meine Beobach- 
tungeu etwas ausfiihrlich zu beschreiben. 

Mdnnliches Gofiophor. — Das jUngste von mir beobachtete Ent- 
wickelungsstadium des mannlichen Gonophors ist in Fig. 1 wieder- 
gegeben. Es ist eine einfache, aus Ento- und Ectoderm bestehende 
zitzenfbrmige Knospe des Stiels. Die Bildung des Glockenkernes 

1) Dieser Anfsatz warde im yorletzten Sommer zu Baltimore in englisoher Sprache yerfasst 
und zur Zeit meiner Abreiae dort hinterlassen, urn in einer amerikanisclien Zeitsclirift ver- 
dffentliclit zu werden. Da er aber bisher noch nicht im Druck ersohienen ist, so Ubergebe ioh 
eine deutsche Uebersetzung desselben hiermit der Oeffentlichkeit. — October 1896. 
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hat schon begonnen, aber man findet keine Hohle im Entoderm der 
Knospe. Dieser Mangel einer vom Stiel ans in die Knosi3e hinein- 
tretenden Hohle mag das nllererste Anfang.sstadium bei der Entwicke- 
lung des Gonophors darsfellen, oder al)er, wajs mir wahrwcheinlicher 
erscheint, erst sekundar durch eine ausserst, rege, zur Bildung der 
F\eimzellen fiihrende Zellenwiicherung im betreffenden Entodermab- 
schnitt hervorgebracht worden sein. Ich neige der Jetzteren Ansicht 
zu, well ich in mehreren anderen Schnitten fast desselben Stadiums 
das Darmdivertikel beobachten konnte. Wie in Fig. 1 ersichtlich, ist 
die Form des Glockenkerns eine mehr oder vveniger verlangerte, stellt 
aber zuweilen eine abgeflachte Ivegelform dar, deren Zipfel nach dem 
Gipfel der Knospe gerichtet isf. Er enthalt gewohulich eine mehr 
oder weniger geraiimige Hohle, aber dieselbe l)esitzt nie eine so regel- 
massige Form, wie man sie \m vielen Hydromedusen beobachtet. 
Man muss jedoch l)emerken, dass ihre Bildung meistenteils schon in 
dem ersten Entwickehingsstadium des Glockenkerns anfangt, und 
dass sie nachher znr Subu?nbrellarliohle vvird. 

Im oben beschriebenen Stndium kann man die Kerne der 
Keimzellen deutlich l)eobachten, und ihre Einwanderung in den 
Glockenkern hat schon l^egonnen. Sie nehmen ihren Ursprung 
durch Teilung von den Entodermzellen der Knospe. Diese Angabe 
ist ausser Zweifel dadurch bewiesen, dass eine rege mitotische Teilung 
im betreffenden abschnifl stattfindet. Die in Teilung befindlicheu 
Kerne liegen meistenteils sehr nahe an der freien Flache des Ento- 
derms der Knospe, wie man aus der aus einem spateren Stadium 
entnommenen Fig. 4 ersehen kann. Die Keimkerne sind durch ihre 
Kugelform und ihr blaschenartiges Aussehen charakterisirt ; ihr 
Chromatin kommt in Form weniger, grober, meist an die Kern- 
membran sich anschmiegender KlUmpchen vor. Sie sehen also in 
den Schnittbildern klarer aus, als die Kerne der gewohnlichen Ento- 
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dermzellen, bei welchen das Chromutin gleichmassiger verteilt ist, und 
welche ein dunkleres Aussehen hahen. Es iinterliegt kaum einem 
Zweifel, da.ss diese Eigentiinilichkeit der Iveimkerne teilweise davou 
herriihrt, djiss sie einen sehr regen Teilungsvorgang durchgehen, und 
die bei der TeiJuno: in die be^stimmte Zahl der Chromosomen ofesam- 
nielte chroinatische Substanz nioht Zeit genug haf, wieder ini Kerne 
als feine Kornchen verteilt zu vverden. 

Zur Hechtfertigung dieser Angabe fiihre ich die Beobachtung 
an, dass audi bei den interstitiellen ZelJen und im Subumbrellar- 
ektoderm de.s Gonophors, die Tochterkerne nach der Teilung mehr 
oder weniger eine Kugelform annehmen, und dass ihre chroniatische 
Substanz sich dabei in wenigen grOsseren Kliiinpchen ansammelt. 
Doch mu«s zuo^en^eben werden, dass die oben an<?efiihrte Eif^entuui- 
lichkeit stets von den Keimkernen festgehalten wird ; so habe ich 
beobachtef, dass selbst in den beinabe reifen mannlichen Gonophoren, in 
welchen die Umbildung in S[Termatozoen schon begonnen hat, die 
Keinikerne noch diu'ch ihr blaschenartiges Aussehen ausgezeichnet sind. 

In der obigen lieschreibung habe ich djm Wort „ Keinikerne" 
stntt ,, Keimzellen " gebraucht. Dies geschieht deshalb, weil in dem 
betreffenden Abschnitt keine Zellengrenze zu beobachten ist, indem 
die Kerne in einer continuirlichen Protoplasniamasse eingelagert sind. 

In Fig. 1 sieht mnn zwei Keinikerne schon in den Glockenkern 
eingewandert, und ein dritter Ixjfindet sidi auf seinem Wege durch 
die Stiitzlanielle. Ich habe samtliche Stadien dieser Einwanderung, 
von denijenigen, in welcheni man einen Kern die Stiitzlamelle vor 
sich hervorstiilpen sieht, bis zu demjenigen, in welchem ein Kern 
dieselbe eben zuriickgelegfc hat, Ijeobachten konneu. 

Nun mochte ich einer schon oben erwahnten Eigentiinilichkeit 
in der Hildungsweise des Glockenkerns gedenken, einer Besonderheit, 
welche, wie mir erscheint, allgemeiner vorzukommeri pflegt. Der 
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Glockenkern namlich verdankt bei der vorliegenden Art seiiien 
Ursprung der Einwanderung der interstitiellen ZeUen des Ektoderms. 
Dieselben lassen die Stutzlamelle vor sich gegen den Entoderm 
einstiilpen iind bilden den Glockenkern, dessen Form schon oben 
beachrieben worden ist. Meines Wissens hat Niemand das Augen- 
merk auf diese Ifesonderheit gerichtet, aber eine Durchmusterung 
zahlreicher dazu geeigneter Schnitten hat mir die Richtigkeit meiner 
Beobachtung aussser Zweifel gestellt. An einigen Schnitten babe 
ich sogar das Einwandern der interstitiellen Kerne fast sehen konnen, 
jeder Kern mit einem Protoplasniastrom um sich herziehend. Uni 
diese rege Einwanderung zu gestatten, miissen die interstitiellen 
Zellen entweder in geniigender Zahl von aussen her in die Gono- 
phorknospe einwandern, oder aber sie miissen in der Knospe selbst 
sich wiederholt teilen. Aus meiner Beobachtung, dass unter den 
eingewanderten Zellen nie die karyokinetische Figur, und nur 
ausserst selten ein auf kiirzlich vollzoorene Teiluuf^ andeutendes 
Kernbild zu sehen war, glaube ich schliessen zu diirfien, dass die den 
Glockenkern bildenden Zellen in der ersteren AVeise ihren Ursprung 
nehmen. Der in Fig. i an der linkeii Seite des Gipfels der linken 
Entodermlamelle eingezeichnete Kern ist der einzige, den ich beob- 
achtet babe, der im Wiedererbiiuen des ruhenden Kernes von einer 
Teilung begriffen zu sein scheint. Dass der Glockenkern den ein- 
gewanderten interstitiellen Zellen seinen Ursprung verdankt, erscheint 
mir um so wahrscheinlicher, da keine Teilung im definitiven Ektoderm 
stattfindet, und da der Ektoderm oberhalb der Einwanderungshohle 
voUig unberiihrt bleibt. 

Betreffend die Ursache des EinstUlpens des Entoderms, um den 
der Bildung des Glockenkerns notwendigen Raum zu geben, so 
erscheint mir dieselbe nicht eine bloss mechanische zu sein, sondern 
ich glaube dass sie wenigst^ns teilweise in einem von dem bloss 
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Mechanischen unabhangigen, im Entoderm einwohnenden Wachstuins- 
gesetz zu suchen ist. Diese Ansicht wird dadnrch wesentlich gestiitzt, 
dass, wie sclion oben erwahnt, in fast alien Schnitten dea ersten 
Entwickeliingsstjidiums des mannlichen Gonophors ein Raum, sei er 
grosa oder klein, schon vorhandan ist, und dass die interstitiellen 
Zellen erst nachtraglich in diesen Ranni einzuwandern scheinen. 

In Fig. 1 sieht man auch die Aniage der Radialkanale (can. 
rad.)j welche durch die auf bestiminte Gebiete eingeschrankte Ver- 
wesiing der Zellen der Entodermlamelle zur Ausbildung gelangen. 
In Fig. 1 giebt es zwei Raume, einen kleineren und einen groaseren. 
Im grossereu Raum sieht man eine kornige Mjis.se, und im kleineren 
ein iritensiv sich iarbendes Korperchen. Durch eine Vergleichung 
mehrerer Schnitten bin ich zu dem Schlusse gelangt, dass dieselben 
Ueberbleibsel der am Orte der Verwesung anheimgefallenen Zellen 
darstellen. Ich habe samtliche Stadien in diesem Verwesungsprocess 
beobachten konnen. Im Anfangsstadium wird die chromatische 
Kernsubstanz zu einer die Mitte des blaschenartig gewordenen Raums 
einnehmenden, einzigen Masse verschmolzen, dann verschwindet 
aUmahlich die Kernmembran, und so erhalt man eine solche 
Hohle, wie man sie in Fig. I sieht. Den Uebergangsprocess von 
diesem Stadium bis zu der grossern Hohle in derselben Figur dilrfte 
mian in der Weise sich vorstellen, dass dieses Korperchen sich zu einer 
kornigen Substanz auflost, und dass gleichzeitig der Raum sich 
vergrossert. Die kornige Masse verschwindet zuletzt ganzlich. 

Die Bildung der Entodermlamelle hat schon in Fig. 1 begonnen, 
und sie ist in Fig. 2 etwas weiterfortgeschritteo. In diesem Stadium 
sind die zwei Radialkanale voUig ausgebildet und erstrecken sich bis 
zum Gipfel der Entodermlamelle. Querschnitte der Gonophorknospe 
zeigen, dass die Entodermlamelle in zwei entgegengesetzten Qua- 
dranten eine grossere Dicke besitzt, als in den iibrigen zwei, wo 
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dieselbe mit Ausnuhme de:^ dem Gipfel Jingrenzenden Abachnitts zu 
einer behr diiunen Schieht geworden ist, mid dass die Radialkanale 
sich in den verdickten Quadranten hefindeu (Fig. 3). Obgleich 
durch die ortliche Verwesung der Zellen gebildet, be^sitzen die 
Radialkanale in die«em Stadium eine deutliche diinue Membi-au, 
welche enfweder von dem umliegenden Proto plasma aiisgeschieden 
wordeu ist:, oder docli wohl nur eine Verdickung desselben darstellt. 

Fig. 2 stellt einen im rechten Winkel zu der die zwei Radial- 
kanale einnehmenden Ebene gefiihrten Schnitt dar. Die Einwan- 
derung der interstitiellen Zellen selzt sich fort, und einige der 
eingewanderteu scheinen der Verwesung anheimzu&llen, und so zur 
Bildung der inzwischen zu einer ansehnlicheren Grosse herange- 
wachsenen Subumbrellarhohle beizutragen. Die in der Subumbrellar- 
hohle oft vorkommende kornige Masse kann man durch samtliche 
Stadien der VerAvesimg in die eingewanderten Kerne verfolgen. Die 
Auswanderung der Keimkerne lindet noch in diesem Stivdium statt; 
sie bilden an der Basis der Subumbrellarhohle eine halbkugeliormige 
Masse, in welcher keine Zellgrenze zu erkennen ist. Die ganze 
Subumbrellarhohle ist mit einer einschichtigen, aus den eingewander- 
ten Zellen bestehenden Zellenschicht ausgekleidet, deren Kerne sehr 
unofleichmassi^i: verteilt sind. Ausser diesen zu einer Schicht 
verbundenen Kernen giebt es noch andere, welche zwischcn den 
Keimkernen zerstrent sind. Man erkennt unterhalb der Keimkern- 
masse eine leiclite Ausbuchtung der Darmhohle; dies ergiebt sich 
als die Anlage des Spadix. 

In Fig. 2 sieht man, dass die Keimkerne nicht am Gipfel des 
kiinftigen Spadix, sondern nur an den seitlichen Teilen ihren 
Ursprnng nehmen. Auf diesen Umstand hat man mit Nachdruck 
verweisen ; abar eine Durchmusterung zahlreicher Schnitte hat mich 
gelehrt, dass die<s in keiner VVeise immer der Fall ist, sondern dass 
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auch die Kerne der Entodermkuppe wiederholt sich teilen, und 
dass die daraiia gebildeteii Keimkerne nach der Stiitzlamelle activ 
aiiswandern. 

Da« weitere Wachstum und die weitere Entwickelung des 
mannlichen Gonophor?* vollziehen sich durch Veranderungen in den 
AnJagen, welche man in den im Obigen beschriebenen Stadien 
geaehen hat. Der Spadix strebt nach .seiner definitiven Ausbildung, 
und darait entwickelt «sich an seiner Basis ein enges, nach aussen 
gerichtetes Darmdivertikel, welches in die Radialkanale sich fortsetzt 
und zugleich als Wegweiser zu der mit der Bildung der Entoderm- 
lamelle veikniipften Faltenbildung dient. Mit der Ausbildung des 
Spadix kann man von dem Manubrium reden. Die Auswanderung 
der Keimkerne scheint zum StilJstjind gekommen zu sein, und die 
in mehreren Schnitten zu beobachtenden Teilungen fiihren aller 
Wahrscheinlichkeit nach nur zur Bildung der zu dem spater eintreten- 
den ansehnlichen Wachstum der Knospe notigen Entodermzellen. 
Die von der Entoderm lamelle frei gelassene Oeffnung am Gipfel der 
Knospe ist zu dieser Zeit durch das Zusammentreffen und die Vei*- 
wachsung des Randes der Stiitzlamelle geschlossen, und damit kommt 
die Einwanderung der interstitiellen Zellen des Ektoderms zum 
volligen Abschluss. Die zum Schliessen der obenerwahnten Oeffnung 
sich anschickende Stiitzlamelle sieht v^or demselben ganz wie die des 
Veiums aus. 

Die Keimkerme teilen sich mehrere Male im Manubrium, der 
Spcidix verlangert sich, und die ganze Knospe wachst an, bis sie ein 
solches Stadium erreicht, wie es Fig. o wnedergiebt. Diese Figur 
stellt einen Axialschnitt durch ein beinahe reifes Gonophor dar. In 
diesem Stadium sind die Radi*alkanale vollig zum Verschwinden 
gekommen ; die Entxxlermlamelle aber sieht man noch, obgleich sie 
an einigen Stellen zu einer ausserst dlinnen Schicht geworden ist. 
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Ihr freies Ende bleibt dauernd getrennt, und der Zwischenraum ist 
nur von einer diinnen Stiitzlamellemembran ausgespannt. Im 
Gegensatz zii den Keimkernen, welche durch wiederholte Teilungen 
sich vermehren, zeigen die eingewanderten Kerne kein Zeichen der 
Vermehrung, und folglich trifFt man sie nur hie und da in der die 
Subumbrellarflache auskleidenden Protoplasmaschicht. Das Manu- 
brium besitzt keine deutliche aussere Auskleidung, und die Kerne 
findet man ausserst sj»irlich unter den Keimkernen zerstreut. 

Das Ektoderm der Knospe zeigt an deren Gipfel eine Verdickuug; 
ihre Zellen farben sich meist sehr intensiv, und man ist geneigt, in 
ihnen einzellio^e Drilsen zu erblicken. Diese Verdickunor ist schon 
von Weismann bei einigen anderen Arten beobachtet worden, und ist 
nach seiner Meinung die Stelle, wo die Knospe spilter zum Ausbruch 
kommt. 

Die Zellen des Spadix sind nicht nur sehr gross geworden, 
sondern sie enthalten auch Vacuolen und sehen jetzt den Entoderm- 
zellen des Stieles ahnlicher, als in ihren friiheren Stadien, wo die 
Zellleibessubstanz sehr feinkornig war und sich mit dem Farbstoff 
intensiv filrbte. 

In mehreren Keimkernen sieht man die chromatische Substanz 
halbmondformig an einer Seite des Kernes dicht an der Kernmembran 
angesammelt. Meines Erachtens ist dies der erste Schritt zur 
Ausbildung der Spermatozoen. 

Das Ektoderm der Knospe ist in diesem Stadium der inter- 
stitiellen Zellen vollig leer. 

Sogenanntes weibliches Gonophor. — Dieses beschreibt Haeckel in 
seiner Challenger- Monographie folgendermassen : „ Their umbrella is 
well developed, campanulate or pyriform, with four radial canals and a 
ring-canal, and a broad velum around the ostium. The manubrium, 
in the wall of which the eggs ripen, seems to be developed usually after 
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the detachment. It is not visible in the sessile gynophore, or forms 
only a small tubercle in the center of the subnmbrella. The apex 
of the gynophore is attached to the branch of the stem by a large 
conical pedicle." 

Das jUngste Stadium des weiblichen Gonophors, das ich zur 
Beobachtung erhalten konnte, war schon viel alter, als dasjenige des 
mannlichen Gonophors ; es ist in Fig. 6 wiedergegeben, welche nur 
den distalen Teil eines Lano^sschnittes zeioft. Der Glockenkern ist 
schon ganz hohl ; es unterliegt aber kaum einem Zweifel, dass er in 
derselben Weise wie derjenige des mannlichen Gonophors gebildet 
worden ist. Die in der Einwanderung begriffenen Zellen habe ich in 
mehreren Schnitten beobfichten konnen, und kann dies auch in Fig. 6 
gesehen werden. Man sieht namlich im Ektoderm der distalen 
Halfte der Knospe mehrere interstitielle Zellen ; einige derselben 
befinden sich an dem kiinftigen Ostium, welches in diesem Exemplar 
von einer Zellenmasse geschlossen ist. An dieser Zellenmasse erkennt 
man, dass sie aus den vom Ektoderm her eingewanderten interstitiellen 
Zellen gebildet ist. Ihr Aussehen und ihre Form sind denjenigen 
der interstitiellen Zellen des Ektoderms voUig gleich, nur haben 
sie etwas mehr Protoplasma ; und einige derselben haben sich 
regelmftssig angeordnet, um ein Epithel zu bilden. In Fig. 6 sieht 
man auch, dass die eingewanderten, im kiinftigen Ostium befindlichen 
Zellen durch ihr Anhaufen eine leichte Hervorwolbung des Ektoderms 
verursacht haben. Dieser AnhSufungsprocess setzt sich fort, und 
wenn alle interstitiellen Zellen ihre Einwanderung voUendet haben, 
so bleibt an der Stelle der angehauften Zellenmasse eine mit der 
Umbrellarhohle frei communicirende Hohle librig, welche nach aussen 
nur durch eine ausserst dunne Ektodermschicht begrenzt ist. Diese 
Schicht bricht zuletzt durch, und fuhrt gerade zur Bildung des 
Ostiums. 
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In diesem Stjxdiimi iat die Anlage des Velums schon vorhanden; 
sie ist eia aus der Stiitzlainelle bestehendes Diaphragma, welches vom 
freien Ende der Entodermlamelle frei hervorragt. 

Wie in den mannlichen Gonoplioreu, fallen viele der einge- 
wanderten Zellen der Verwesung anheini, und die Subumbrellarhohle 
enthalt folglich in diesem Stadium eine etwas kornige Substanz und 
verwesende Kernkorperchen. Spuren der teilweise der Verwesung 
anheimgefallenen Kerne sieht man in Fig. 6 (zwei an jeder Seite). 

Eine andere an den mannlichen Gonophoren nicht deutlich zu 
l)eobachtende Tatsache tritt in den weiblichen Gonophoren klar zu 
Tjige. Es ist die, dass viele der interstitiellen Zellen, stiitt in die 
Subumbrellarhohle einzuwandern, Protoplasuiafortsatze nach der 
OberflSche wie auch nach der Stiitzlamelle schicken, und an der Bildung 
des definitiven Ektoderins teilnehmen, indem «ie eine Form an- 
nehmen, welche derjenigen der definitiven Ektodermzellen ganz 
ahnlich ist. Man kann samtliche Stadien in diesem Umwandlunor«- 
process beobiichten, von den Zellen, welche noch tief in> Ektoderm 
liegen, aber schon mit kurzen Protoplasmafortsatzen ausgestattet sind, 
bis zu denjenigen, in welchen die Fortsatze schon die Cuticula einerseits, 
und die Stutzlamelle andererseits erreicht haben, deren Kerne jedoch 
noch tiefer gelagert sind, als diejenigen des definitiven Ektoderms. 
Ein derartiger Umwandlungsprocess las.-^t sich auch in den jungen 
Gonopalponen und den Siphonen beobacht^en, und ich glaube, duss 
derselbe in eingeschrankterer Masse nicht nur in den mannlichen 
Gonophoren, sondern in alien sich entwickelnden Teilen des Tierstocks 
stattfindet. 

In dem im Obigen beschriebenen Stadium sind die vier Radial- 
kanale, sowie der Ringkanal vollig ausgebildet. Die Ersteren 
besitzen eine einschichtige zellige Wand ; in den Entodermlamellen 
aber liegen die Zellen imreofelmassio: o^eschichtet. Die Radialkanale 
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verursachen leichte Hervorwolbungeu im SiibuinbrelLirektoderm, 
so dixas die Umbrelhirhcihle in Querschnitten etwas kreuzforrnig 
aiissiebt. 

Der Stiel des weiblichen Gonophors ist verbal tnissmassig lang ; 
die Stutzlauielle ist allenthalten uocii aehr diinn. 

Im voilig ausgebildeten weiblichen Gonophor kann man zwei 
Abschnitte deutlich unterscheiden, den Umbrellarteil und den Stiel. 
Herr Prof. Dr. Brookw teilt mir mit, dass bei den lebenden Exemplaren 
dasselbe eine pulsirende lievvegung ausiibt, und dass es einer bedeuten- 
den Grossenveranderung fahig ist. Diese Angabe ist durch die 
histologischen liefunde gestiitzt : das ganze Gonophor, aber besonders 
der Stiel, ist stark muskulos und besitzt eine dicke, gallertjirtige 
Stiitzschicht. Das Ektoderm ist eine direkte Fortsetzung desjenigeii 
des Gonostyls, aber er hat ein ganz anderes Aussehen. Im Gegen- 
satz zu den Zellen des letzteren, welche nieist niedrig sind und 
schwach sich farbende Kerne, sowie eine deutliche Cuticula besitzen, 
sind diejenigen des weiblichen Gonophors sehr hoch und besitzen 
intensiv sich farbende Kerne. Das Cytoplasma ist sehr feinkornig, 
oder genauer gesagt, es besteht aus einem feinsten Reticulum (Fig. 12). 
Der aussere Rand jeder Zelle ist gewolbt, so dass der Umriss des 
Gonophorstiels mehr oder weniger wie in kleinen Abstanden ein- 
geschnitten aussieht. Der Mangel einer Cuticula ist auch auifallend. 
Dies bemerkt man mit Vorteil in einem solchen Schnitte, wie es 
Fig. 12 wiedergiebt, welche einen nahe dem Anheftungspunkt des 
Stiels gefiihrten Querschnitt darstellt. In diesem Teil behalten die 
Zellen eines bestimmten Ektodermabschnitts die IJeschafFenheit der 
Ektodermzellen des Gonostyls ; seine Zellen besitzen, wie an der 
oberen Seite der Fig. 12 gezeigt ist, schwach sich farbende Kerne und 
ein Cytoplasma ebenderselben Beschjiflfenheit, und sind mit einer 
deutlichen Cuticula versehen, ganz wie es im Gonostyl der Fall ist. 
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Wie man aus Fij2:. 8, in welcher die Grenze des betreffenden Abschnitts 
mit einem Sternchen bezeichnet isf, ersieht, eratreckt sich dieser 
Abschnitt der Lanire nach bis etwa \ der Lange des ganzen Gonophors, 
und scheint i miner an der Abaxillarseite des Gonophorstiels zu 
liegen. 

Die Muskelfibrillen des Ektoderms «ind Husserst fein. In den 
Querschnitten des Stiels sehen sie wie kleine, sich der Stiitzlamelle 
dicht anschmiegende Piinktchen aus ; sie sind aber sehr zahlreich. 
Selbst in Fig. 12 sind sie etwas grosser eingezeichnet, als sie in der Natur 
sind. In dem schon oben erwahnten Abschnitt, wo das Ektoderm 
durcli eine andere lieschaffenheit ausgezeichnet ist, sind die Muskel- 
fibrillen an den Fortsatzen der Stiitzlamelle angeordnet und rufen so 
die Bildung" der soo^enannten Muskellamelleii hervor. 

Die Stiitzlamelle ist von sehr wechselnder Dicke und enthalt 
mehr oder weniger zahlreiche Fasern. In der distalen Halfte 
des Gonophors wird sie von zahlreichen, ein korniges Protoplasma 
enthaltenden Ivanalchen durchsetzt (Fig. 11). Die^e Kanalchen 
kommen nicht nur in den weiblichen Gonophoren vor, sondern man 
beofeo^net ihnen auch zahlreich in alien Teilen des Tierstocks, wo die 
Stiitzlamelle eine bestimmte Dicke iibertrifft. In den letztgenannten 
Teilen sind die Kana^Ichen nicht^nur mit einem kornigen Protoplasma 
gefiillt, sondern sie enthaltcn auch Kerne ; zuweilen enthalt jedes 
Kanalchen nur einen einzigen Kern, zuweilen mehrere. Die Be- 
schaffenheit des enthaltenen Protoplasmas, sowie der Kerne beweist, 
dass dieselben dem Entoderuj angehoren. In den Tentakeln tritt dies 
mit besonderer Klarheit zu Tage ; hier sieht man, dass einige Ento- 
dermzellen sich unmittelbar in die die Stiitzlamelle durchsetzenden 
Kanale fortsetzen. Zwar muss man zugeben, dass in den weiblichen 
Gonophoren kein Grund dazu liegt, das in den Kanalchen enthaltene 
Protoplasma von dem Entoderm oder von dem Ektoderm abzuleiten ; 
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aber die oben angefUhrte Tatsache diirfte una berechtigeu, das 
betrefFende Protoplasma als dem Entoderm angehorend anzusehen. 

Meines Erachtens dient dieser unmittelbare Zusaminenhang der 
beiden Korperschichten zum Ernahren des Ektoderms, und ist wahr- 
scheinlich dadurch herbeigefiihrt, dass die Stutzlamelle eine bestimmte^ 
der Ernahrung im Wege stehende Dicke erreicht hat. Von diesem 
Standpunkte aus diirfte man diesen Zusammenhang dem proto- 
plasmatischen Zusammenhang der Pflanzenzellen vergleichen, da 
beide dem Zufiihren der ernahrenden Fliissigkeit, sowie vielleicht dem 
Lei ten der Erregung dienen. 

Die Entodermzellen des Gonophorstiels sind, wie die Ektoderm- 
zellen desselben, cylindrisch, aber ihr Cytoplasma ist etwas grob- 
korniger und farbt sich intensiver, als jene. Die Kerne sind 
meistenteils im basalen Teil gelagert. 

Die entodermalen Muskelfibrillen sind bedeutend dicker, als die 
ektodermalen, und in den Langsschnitten des weiblichen Gonophors 
sieht man, dass die Zahl der Fibrillen beinahe derjenigen der Zellen 
entspricht ; jede Zelle enthalt also eine einzige Fibrille in ihrer Basis. 
Die Fibrillen sind nicht der Stiitzlamelle dicht angeschmiegt, sondern 
stehen gewohnlich in einer kleinen Entfernung von derselben. Die 
entodermalen Fibrillen des weiblichen Gonophors sind viel grosser, 
als die entsprechenden Fibrillen des Gonostyls oder selbst des 
Stammes. 

Die Entodermachse des Gonophorstiels nimmt nicht dessen Mitte 
ein, sondern liegt bis ungefahr zum Ende des Stiels stets nach einer 
Seite, und zwar der abaxillareu, gedrangt, und erst dort zieht sie nach 
der Mitte zu, um sich mit der Entodermlamelle zu vereinigen. 

Ich werde nun zur Beschreibung des Umbrellarabschnitts 
Ubergehen. In alien mir zur Beobachtung gekommenen Exemplaren 
ist dieser Abschnitt nur ein wenig grosser, als der Stielabschnitt, 
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Die Uadialktuiale, m\\\e der Ringkanal sind wolilausgebildet. Die 
Ersteren kotninen in der Regel in der Vierzahl vor, aber einmal 
beobachtete ich ein niit tiinf Radialkanalen versehene.s weibliches 
(Tonophor. Auch das Velum ist wohlausgebildet, und bangt lose 
von dem Ostiiun al), ahnlich wie l)ei den meisten zeitlebens frei- 
.schwiinmenden Hydroniediisen (Fig. 8 & 10). Das Manubrium 
erkennt man in Form einer an der lia^is der Subumbrellarhohle 
gelegenen Hervorwolbuug des Fiktoderms. liei einigen Exemplareu 
konnte das-selbe nchwer als solches erkannt werden, aber eine Ver- 
gleichung mehrerer Exemplare beweist zur Geniige, djiss es imnier 
vorkommt. Der 8[)adix ist noch nicht auwgebildet. 

Das Kktoderm (ex- als auch subumbrellare) und die Entoderm- 
lamelle sind durcli eine gallertartige Stiitzschicht von wechselnder 
Dicke voneinander getrennt. Diese Stutzschicht sehickt diaphrag- 
menartige Fortsiitze aus, welche entsprechende Falten des Ektoderms 
hervorrufen (Fig. 8 & 10). 

Das Exumbrellarektoderm besitzt bis an das Velum dieselbe 
Beschaflenheit, wie dasjenige des Stiels ; aber hier nimmt es ein 
anderes Aussehen an : Die Kerne sind nun voii we<*hselnder 
Grosse, ihre Farbbarkeit ist ungleichmassig geworden, und das Proto- 
plasma vacuolenreich ; mit einem Worte, die Zellen sind denjenigen 
des gleich zu Ix^schreibenden Subumbrellarektoderms sehr almlicli. 
Die Langsmuskeltibrillen kommen auch im Exumbrellarektoderm 
vor. 

Im Gegensatz zu den Zellen des Exumbrellarektoderms sind die 
Zellen des Subumbrellarektoderms sehr reich an Vacuolen, welche 
besouders im distalen Teil des Protoplasmas vorkommen. Die Kerne 
sind von wechselnder Grosse und ihre Farbbarkeit ist weniger 
<rleichmilssi<j:, als bei dem exumbrellaren Ektoderm. Muskelfibrillen 
kommen im Subiunbrellarektoderm nicht vor ; statt ihrer habe 
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ich zjihlreiche, stark sich farbende Ivorner von starkem 
Lichtbrechnngsverinogen, welche beaonders um die oben erwahnten 
Fortsatze der Stiitzschicht in Haufen vorkommen, beobachtet. Die 
Aehnlichkeit dieser Korner mit den Querschnittsbildern der enloder- 
mtilen Muskelfibrillen ist sehr aiiflallend ; man kaan jedoch durch 
Vergleichung der Quer- iind Langsschnitte sich davon liberzeugen, 
da:^s sie nicht Qnerschnittsbilder der Fibrillen darstellen. Ihre 
Hedenhing isf. uiir jedocli im Duiikel geblieben. 

Die Entodernilanielle, wie auch die Wande der Radialkanale 
bestehen jhis in einer einzigen Schicht angeordneten, grossen, 
cubischen oder cvlindrischen Zellen mit einem feinkornio^en Proto- 
plasma, welches sich weniger stark farbt, als dasjenige des Ex- 
umbrellarektoderma (Fig. 9 & 10). Nach meiner Beobachtung 
mangelt dem Umbrellanibschnitt jegliche er)todermaIe Mnskel. 

Allgemeine Beinerlcungen. — Die im Vorhergehenden beschriebene 
Bildungsweise des Glockenkerns erscheint mir eine interessante 
Uebergangsform zwischen den gewohnlichen Formen, bei welchen 
derselbe als eine solide Zellenmnsse angelegt ist, und der von Weis- 
mann bei Cori/ne piisilla beobachtetenJ^ Bei der ebengenannten Art 
wandern die jungen Ektodermzellen einzeln durch die Stiitzlamelle, 
ohne dieselbe vor sich einzustiilpen, und erst nachtraglich bilden sie 
den Glockenkern. Wir haben oben gesehen, dass wenigstens hex 
Physalia es die interstitiellen Zellen sind, welche voni Ektoderm her 
einwandern. Dieselben treiben die Stiitzlamelle jedoch vor sich und 
fiihren ohne Weiteres zur Hildung der Entodermlamelle und des 
Glockenkerns, wie es bei den meisten bisher untersuchten Formen der 
Fall ist. Ich babe auch Schnitte von Boiujainvillia und Pennariu 
verfertio^t, um wenn mooflich eine ahnliche Bilduno^sweise des 

1) Entetehung der Sexualzellen bei den Hydromediisen. S. 53 u.w. 
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Glockeakerns zu beobachten ; aber teils aus Mangel an den richtigen 
Stadieii, teil^i aus der Kleinheit der Elemente bei diesen Formen habe 
ich bisher keinen Erfolg darin gehabt. 

In Bezug auf die Natur des sogenannten weiblichen Gonophors 
giebt es meines Wissens zwei Ansichten, namlich diejenige von 
Haeckel, und diejenige von Brooks und Conklin. 

Haeckel sieht das fragliche Gebilde als echtes weibliches Gonophor 
an und glaubt, dass der Umbrellarabschnitt von deoi Tierstock hinab- 
fallt iind erst nachher als freischwimmende Qualle die Geschlechtsreife 
erreicht.^^ Dies glaubt er aus seiner Beobachtung einiger, nur die 
Stiele des fraglichen Gebildes besitzenden Exemplare von Physalia 
schliessen zu diirfeu. Es seheint jedoch, dass er die Keiiuzellen nicht 
beobachtet hat. 

Brooks und Conklin haben ihre Ansicht in ihrer Mitteiluug iiber 
eine der Ordnung Auronectae angehorende Siphonophore aus- 
gesprochen.^^ In Bezug auf die vorliegeude Frage sagen sie : „ It 
seems proper here to mention the fact that an examination of the 
sexual organs of forty or fifty specimens of Physalia has shown that 
they were all males. The structures described by Haeckel as the 
female gonophores of Physalia are not gonophores, but swimmbells, as 
is shown by an examination of living expanded specimens." 

Wie man aus dem Vorhergehenden ersieht, liefern meine 
Beobachtungen keine Spur der weiblichen Keimzellen ; dies kann 
jedoch gegen die Auffassung Haeckels nicht angefuhrt werden, da 
Weismann gezeigt hat, dass bei Velella und Porpita die Keimzellen 
erst nach der Trennung des weiblichen Gonophors vom Tierstock 
entwickelt werden. ^^ Auf der anderen Seite spricht die muskulose 
Beschaffenheit des Gebildes fur die Brooks-Conklin'sche Auffassung. 

1) Challenger- Report, S. 313. 

2) Johns Hopkins Univ. Circulars. Vol. X, No. 88. 

3) A.a.O.S. 212. 
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Falls aber diese die richtige ist, so kennt man von dem Weibchen der 
Physalien niclits. Es wtirde vielleicht nicht ausser Platz sein, wenn 
ich erwahne, dass Hedot*^ diirch eine iieuere Beobachtung iiber eine 
junge Vellelalarve ein Zeichen ihrer Trennung von einem Muttertiere 
nachgewiesen hat, und dass danach die Lebensgeschichte der Siphono- 
phoren wohl etwas verwickelter verlaivtY, als man sich vorziistellen 
gewohnt ist. 

Es ist niir eiue angenehme Pfiicht am Schlusse dieser Mitteilung 
meinem verehrten Lehrer Herrn Prof. Dr. Brooks, meinen warmsten 
Dank auszusprechen flir die FreundJichkeit, mit welcher er mir das 
Material iibergeten hat, sowie ftir seiuen gedankenanregenden Rath. 

1) Notes sur une larve de Velelle. Revue Suisse de Zoologie et Ann. du Mus. d'hist. nat de 
Geneve, t. II. fafic. 4. 1894. S. 463. 
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Tafel XV. 

N. B. Die uach den arabisclien Nnmmern betindlicLe wagerechte Linie ( — ) 
bedeutet „ linear." 

C071. rod Radialkanal. e}U\l lam Entodermlamelle. 

can. cir Ringkanal. ffl'ck. Icn Glockenkern. 

ect\l Ektoderm. nucL tfenn Keimkern. 

ect'd, e.mniibr Exumbrellarektoderm. sp'd'x Spadix. 

ect\l. suhimibr, ...Subumbrellarektoderm. veVm Velum. 

ent^d Entoderm. 

Mannliches Gonoplior. 

1. LUngsscbnitt dnrcli ein sehr junges Gonoplior. x 190 — . 

2. Langsscbnitt durcli ein alteres Gonopbor. x lii — . 

8, Querscbnitt durcli ein Gonopbor von demselbcn Stadium wie das Vorige. 
X 190—. 

4. Langsscbnitt durcb ein Gonopbor, bei welcbem der Spadix sicb anlegt. 

X 190—. 

5. Liingsscbnitt durcli ein beinabe reifes Gonopbor. x 190 — . 
Sogenanntes weiblicbes Gonoplior. 

6. Liingsscbnitt durcli den Umbrellarteil eines jungen Gonopbors. 

X 190—. 

7. Querscbnitt durcb den Umbrellarteil eines jungen Gonopbors von demsel- 

ben Stadium wie das Vorige. x 190 — . 

8. Langsscbnitt durcli ein alteres Gonopbor. x 50 — . 

9. Ehi Teil der Wandung des Umbrellarteils eines alteren Gonopbors im 

Querscbnitt. x 190 — . 

10. Dem Ostium angrenzender Teil der Wandung eines alteren Gonopbors. 

X 190—. 

11. Ein kleiner Teil des Langsscbnittes durcb ein alteres Gonopbors. 

X 190—. 

12. Quersclmitt durcb den Sticl eines alteren Gonopbors. x 190 — . x 
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Studies of Reproductive Elements. 

III. Die Entwicklung der Pollenk5rner von Allium 

fistulosum L., ein Beitrag zur Chromo- 

somenreduktion im Pflanzenreiche, 



von 



Dr. C. Ishikawa. 

Professor der Zoologie an der kaiserlicben Universitat zu Tokyo. 



(Tafeln XVI tmd XVHJ. 



ADgeregt durch die grosse Gedankenarbeit A. Weismann's (37) 
konnen wir jetzt, auf dem zoologischen Gebiete, als festgestellt 
annehmen, dass in dem Entwicklungscyclus der Genitalzellen eine 
Herabsetzung der Chromosomenzahl vorkommt, und zwar auf die 
Halfte. Diese Reduction geschieht bei den letzten Theilungen der 
Ei- und Samenzellen, was allerdings noch von einzelnen Autoren 
bestritten wird. In vielen Fallen erkennt man aber in den 
Urgeschlechtszellen die Verminderung der Anzahl sehr deutlich, 
worauf durch zweimalige Spaltungen die Zahl sich wieder vermehrt, 
und dann sich in den Eizellen durch die Bildung der Richtungskorper 
wieder auf die Halfte der uraipriinglichen Zahl vermindert, ebenso 
auch in den Samenzellen bei den letzten Theilungen derselben. 

Diese V^erallgemeinerung wurde aber von botanischer Seite nicht 
anerkannt, obwohj ahnliche Phenomena von vielen Forschern 
beobachtet waren. So beobachteten Guignard (10), Strasburger 
(33-36), Farmer (6), Belajeff (1), Sargant (32) und andere die 
reducierte Zahl der Chromosomen auch in jungen Geschlechtszellen 
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vieler Gewiichse ; sie (ieuten aber diese in ganz anderer Weise als VOM 
Rath (25-29), Hackeu (12-17), Ruckert (30,31) u.a.m. Wahrend 
letzfere Zoologeu die reducierte Zahl nur fiir eine scheinbare 
halten, betrachten die Botaniker die.selben fiir eine thatsachliche ; 
ferner wurde die Reduction von eiin'gen Autoren* nicht in der Ent- 
wicklung^phase der Genitalzellen gesiicht, sondern in den Uebergangy- 
stjidien von der ♦j^e^jchlechtlichen zur unsreschlecbtlichen Generation. 

IJei diesen SachverbUltnissen fttchien es mir yebr wiinschenswerth 
zu neiu, eine genauere Bearbeitung der pflanzlichen Genitjilzellen 
vorzunehmen, um m mehr als die bisherigen Untersuchiingen der 
Botiiniker iiber die^^e FniM von einiofen Zoolo^^enf in Zweifel 
gezogen wurden. Solche Untersuchungen init vielen einheiniischen 
Monocotyledonen bal)en niich seit einigen Jaliren viel bescbaftigt, 
hauptsachlich aber init der gemeinen Zwieljel (Alliiun fistidosum, L.), 
welche von April bis Ende Juni hiinfig cultiviert wird. Vor allem 
zog icb diese Pflanze desslialb vor, da die Zahl und die Gestalt der 
Chromosomen mir }<ehr ""eei^^net fiir solche Untersuchunn^en schienen, 
W{is sich in der Folge auch gezeigt liat. 

Melhode. 

Die einfachste Methode zur Untersuchiing der PoUenkorner be- 
stehtin der Zerzupfung der Antheren auf dein Objecttrager, Fixierung 
und Fiirbung derjselben. Diess geschieht sehr Jeicht unter einem 
Praeparierinikro8coi)e mittelst Xadeln, da der zaliflussige Schleim der 
Antherenkaminern die Pollenzellen in wiinschenswerther Weise auf 
dem Objecttrager aufklel)en liisst, so da^s die Fixierung und Farbung 
bequetn unternomnien werden kann. Als einfachste Fixierungs-und 
Farbungsflussigkeiten babe ich die bekannte Methylgriin-Es3ig::?aure 

• Straeburger, (35). 
t Haecker, (15,17). 
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und Schneider's EssigsUurecannin angewandt, ^velche beide in der 
Wirknngsweise ahnlich sind und sich sehr fiir das Studium der Chro- 
mosonien eignen. Sie verursachen aber starke Quellungen der ganzen 
Zellen sowie der Cliromosomen ; auch sind die Pragparate nicht 
haltbar. Um Dauerpraeparate zu l)ekomnien habe ich viele FJiissig- 
keiten versucht : Alcobol-Essigsaure, mit oder ohne Zusatz von 
Sublimat ; FLEmiiNG's Chrom-Osmium-Essigsaure, concentrirt, oder 
mit Wasser verdiinnt ; i ^o Chromsaure ; VOM Rath's Picrin- 
Osmium-Essigsaure-Gemisch; Platinchlorid-Essigsaure; Anieisensaure 
und a.m. Von alien diesen hal)e icb aber den besten Erfolg gebabt 
mit den verdiinnten Losungen voM Kath's und Flemming's und 
mit Alcohol- Essigsaure. Die Objecttriiger mit den Pollenkorner 
kommen entweder in eine schwache Flemming's oder in stark 
verdiinnte vom Rath's liOsung, etwa fiir 10 Sekunden, oder in 
eine Losung von Alcobol absolutus und Essigsaure zu gleicben Tbeilen 
fiir drei bis fiinf Sekunden, oder nur momentan in eine Losung von 
Alcohol absolutus mit Essigsaure und Sublimat. Hierauf wurden 
die Objecte sorgfaltig mit Wasser gewaschen, dann allmjihlig durch 
Alcohol verschiedener Concentration gehiirtet. Als Farbungsfliissig- 
keit wandte ich Alaum-Carmin, Carmalanm, Grenacheu's Htematoxy- 
lin, Haemalaum nach Paul Mayer, sowie verschiedene Anilinfarben 
an. In Essigsaure-Methylgriin, Essigsaure-Carmin, oder in Essigsaure- 
Alcohol lassen sich die achromatischen Fadenstrukturen mit Ausnahmen 
von sehr wenigen Fallen schwer oder gar nicht sehen, wogegen 
dieselben in FuEMMiNG'schen oder in vom RATH'schen Losungen sehr 
deutlich hervortreten. 

Ausser diesen Zupfpraeparaten, die fiir die Zahlung der Chromoso- 
men unentbehrlich sind, habe ich auch Schnitte angefertigt. Zu 
diesem Zweck wurden die Antheren oder die ganze Bluthenknospen in 
1 ^lo Chromsaure, in starker Flemming's Losung, in Picrin-Essig- 
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Osmiuin-Saure VOM Rath's oder in AJcohol absolutus eingelegt, und 
die Schnitte mit verschiedenen Farbungsfliissigkeiten behandelt. 

A. Eigene Beobachtungen. 

1. Die Chromosomenzahl in den Gewebszellen von 

Allium Fistulosum, L. 

Karyokinedsche Figuren sind hier in verschiedenen Gewebszellen 
der Pflanze leicht zu beobachten, besonders in den Epidermiszellen 
der Bliithenknospen. Die mitotischen Figuren dieser Zellen zeigen 
uns keine Abweichungen von den gewohnlichen Modi. Die jungen 
Knauelformen zeichnen sich wie sonst aus durch eine scheinbar 
contiriiiirliche zusammenhangende Schleife, in welcher die Ivangs- 
spaltung manchmal deutlich zu sehen ist. Die Schleife zerfallt nun 
in sechszehn Chromosomenzwillinore von unofefahr jfleicher Langfe. 
Diese liegen zuerst offenbar ganz unregelmassig im Kernraum 
zerstreut ; allmahlig aber ordnen sie sich am Equator der inzwischen 
geforinteij Spindel. Die sechszehn Chromosomenpaarlinge wurden 
nun von einander getrennt, ganz in gewohnlicher Weise wie es 
Flemmixg ( 8 ) angiebt. Eine solche Zelle am Schlusse der Metakinese 
findet man in Fig. 1 reprgesentiert. Alle anderen Gewebszellen zeigen 
auch die sechszehn Chromosomen wie in dieser Zelle, und in Ueber- 
einstiinmung mit den Angaben Strasburger's (33) von Allium 
oclonim. 

2. Urpollenzelle. 

Die Abtrennung der Urpollenzelle von den Zellenreihen der 
befruchteten Eizelle konnte ich leider nicht auffinden. Die jiingste 
Genitalzelle findet man im Innern der ganz kleinen Antherenanlage, 
welche als fiiinf schwache Erhebungen am oberen Rande der Bluthen- 
knospe zu bemerken sind. Eine solche Zelle zeichnet sich durch ihre 
relative Grosse des Zellkerns, sowie durch die Chromatinarmuth des 
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letzteren aus, Figuren 2, 3, und 4 zeigen diese Zellen. Dieselben 
wurden mit Flemming's Losung fixiert und mit Methylenblau- 
Fuchsin gefarbt. 

Das Cytoplasma zeigt bei guter Beleuchtung feine netz-oder 
schauinige Structuren, die durch Fuchsin schwach gefUrbt sind. Der 
Kernraum ist von Lininstrangen durchsetzt, auf welchen feine 
Chromatinkorner f^anz reofelinassio: zerstreut sind. Diese letzteren 

o o o 

sind sehr klein in den jilngeren Zellen, werden allmahlig grosser in 
alteren Stadien (^Fig. 2, 3, und 4). Die Kernkorperchen liegen in den 
meisten Zellen etwas excentrisch. Dieselben sind oval oder langlich- 
oval ; ganz kugelrund findet man sie sehr selten vor. Ihre Zahl 
betragt ein oder zwei. In vielen Fallen beobachtet man einen freien 
Raum um das Kernkorperchen (Fig. 2). Bei der Farbenreaction dieser 
Struckturen bemerkeu wir, dass das Chromatin Methylenblau auf- 
nimmt, wahrend das Kernkorperchen sehr stark mit Fuchsin gefarbt 
wird. Auch das Linin lasst sich mit Fuchsin farben, wenn auch 
viel schwacher wie das Kernkorperchen. 

In etwas spateren Stadien findet man die Nucleolen stjirk ver- 
kleinert, wahrend das Maschenwerk des Linins viel grosser wird. 
Auch die Chromatinkorner sind nun viel grosser geworden und 
nehmen kugelige Gestalt an (Fig. 5). Der Nucleolus ist dagegen 
stark verkleinert, so dass derselbe in den mit Haematoxylin gefarbten 
Praeparaten kaum von den Chromatinkornern zu unterscheiden ist. 
In Methylenblau- Fuchsin Praeparaten kann man aber den mit Fuchsin 
roth gefarbten Nucleolus von den blauen Chromatinkornern sehr 
deutlich unterscheiden. Diese Verkleineruiig des Nucleolus ist offen- 
bar durch allmalige Spaltung in kleinere StUckchen zu erkliiren, denn 
man beobachtet in solchen Kernen vicle kleinere cyanophile Korperchen, 
die nur als zerstUckelte Nucleolen zu deuten sind, wie bereits von 
vielen Botanikern vermuthet wurde. 



Digitized by 



Google 



198 C. ISHIKAWA : 

Nua niihern sich die Chroinjitiakorner mehr und mehr und 
bilden einen viel gewundenen Strang von perlschnurartigem 
Aussehen. Die einzelnen Chromatinkornchen dieses Stranges haben 
aber keine glatte Oberflache ; dieser sendet, wie gewohnlich in 
diesem friihen Knauelstadium zu beobachten ist, zahlreiche Fortsatze 
strahb'g aus. Der Chromatinstnmg zieht hierauf allmahlig diese 
Fortsatze wieder ein und wird wieder glatt wobei seine Dicke etvvas 
abnimmt (Fig. 6). Die achromatischen Strange der Kerne sind in 
diesem und in den folgenden Stadien nicht mebr so deutlich zu sehen 
wie friiher. Die niichsten Stadien zeignen sich durch den ZerfiiU 
des Strangs in Segmente aus, deren Zahl aber bei ihrem ersten 
Auftreten wegen ihrer zahlreichen Windungen nicht genau zu 
bestimmen sind. In Fig. 7 und 8 habe ich zwei Zellen in 
diesem Zustande gezeichnet ; ich muss aber gleich hier bemerken, 
dass dieselben von einem ziemlich dicken Schnitt stammen, so dass 
die Kernsegmente in grosserer Zahl vorhanden zu sein scheinen als 
es in der That der Fall ist. Die Kernkorperchen sind hier noch 
vorhanden und reagieren cyanophil. Nun fangt die Verkiirzung der 
einzelnen Chromosomen an, wobei ihre Zahl deutlicher hervortritt. 
In Fig. 9 sieht man eine solche Zelle mit sehr kurzen Chromosomen 
dargestellt. Diese betragen zwar acht aber nur sieben sind an der 
Figur zu sehen, da einer der in dem vorhergehenden Schnitte lag 
nicht mitgezeichnet wnrde. Diese dicken Chromosomen sind nicht 
ganz gleichmlissig gebaut, iudem viele derselben verdickte stark 
tingierbare Enden zeigen. Die Nucleoien scheinen in diesem 
Stadium vollig verschwuiiden zu sein ; ihr Schicksal ist mir dunkel 
geblieben. 

Jetzt tritt eine Lilngstheilung der Chromosomen ein (Fig. 
10). In manchen tindet aber keine vollige Abtrennung statt, 
sonderu Schwester-Chromosomen haften sich mit ihreii Enden 
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{in einander (Fig.ll),und bleiben so bis zur Metakinese, wie es in Flem- 
ming's heterofcypischer Theilung der Fall ist Audi im Monnsterstadium 
sind die Chromosomen nicht reo^elrnassior anoreordnet. Sie werden in 
den Metaphasen sehr lang gezogen (Fig. 12, 13, 14, u. 15), deren 
Achtzahl dabei sehr deutlich hervortritt, besonders wenn man dieselbe 
von den Polen aus betrachtet, wie aus den Fig. 14 und 15 ersichtlich 
ist. An den Polen angelangt fangen die Chromosomen an sich 
wieder zu verkiirzen, wie gewohnlich (Fig. 16 u. 17), was in der 
Bildung von ruhenden Kernen endet (Fig. 18). Indem Stadium, das 
wir in Fig. 18 darstellten, findet man die Bildung der Zellplatte. 
Die Chromosomen werden wie sonst aufgelockert, aber behalten ihre 
polare Anordnung bis zur voUigen Abtrennung beider Tochterzellen 
bei (Fig. 19 u. 20). Die cyanophil sich farbenden Nucleolen, welche 
entweder einzein oder zu zweien vorhanden sind, konnen erst im 
Stadium von Fig. 18 beobachtet werden, und haben sich im Stadium 
von Fig. 19 betrachtlich vergrossert. 

Die Zellen, die ich in F"'ig. 1 bis 20 gezeichnet habe, kommen nicht 
in einer und derselben Antherenanlage vor. Das in Fig. 2 bis 5 darge- 
stellte Stiidium wurde wie gesagt nur in sehr jungen Antherenanlagen 
gefunden, wahrend die folgenden von weiter entwickelten, aber noch 
ungestielten Knospen entnommen sind. Auch sind diese letzteren von 
verschieden Antheren abgezeichnet, so dass ihre relative Grosse nicht 
nach diesen Figuren zu beurtheilen ist. Die Grosse der Zellen 
nimmt ganz regelmassig von Fig. 2 bis zu Fig. 8 zu, aber da die in 
den Figuren 9, 10, 17, 18, 19, u. 20 dargestellten Zellen von anderen 
Antheren entnommen sind, und auch mit anderen FlUssigkeiten 
conserviert wurden als diejenigen der librigen Figuren, scheinen sie 
verbal tnissmassig klein. 
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3. Pollen mutterzellen. 

Die letzten Theilungen der UrpoUenzellen liefern uns die Pollen- 
mutterzellen. Die jungsten Stadien einer solchen findet man in Fig. 
19 und 20 angegeben. Die zieinlich groben Chromatinelemente 
dieser Zellen werden gleich wieder ganz fein im Kernraum vertheilt 
und wir bekommen nun wieder ahnliche Strnkturen wie wir oben .bei 
den UrpoUenzellen beschriebei) haben. Die Nucleolen dieser Zellen 
sind auch in der Ein- oder Zweizahl vorhanden, ferner sind sie nicht 
ganz rund, sondern in vielen Fallen oval oder elliptisch. Fig. 21, 22^ 
u. 23 zeigen diese Zellen in dem sogenannten Ruhestiidium. Auf 
dem sehr feinen Lininnetz sind die Chromatinkorner fnst gleichmassig 
vertheilt. Diese Zellen nehmen an Volumen stetig zu, wobei der 
Kern verhaltnissmassig mehr als der Zellkorper wachst. Die 
gleichmassig zerstreuten Chromatinstrange werden allmahlig um die 
Nucleolen gruppiert (Fig. 24, 25, u. 26). Auch sind die Chromatin- 
korner grosser geworden, aber bei weitem nicht so gross, wie in der 
correspondierenden Stadien der UrpoUenzellen (vergleiche Fig. 3, 4, 
u. 5 mit Fig. 24, 25, u. 26). In dieseii und in folgenden 
Stadien sieht man die wabigen Strukturen des Cytoplasma sehr 
deutlich, wo die PraBparate mit Flemming's oder mit VOM Rath's 
Flussigkeiten fixiert sind. 

Die Lininfilden, auf denen die Chromatinkorner sitzen, scheinen 
allmahlig mehr umzubiegen und es entsteht endlich ein viel gewund- 
ener Strang (Fig. 27 u. 28). Ganz sicher kann man aber nicht 
sein, ob der Strang ein continuirtes Grebilde ist, oder ob er 
bereits aus vielen Segmenten besteht. Ich neige aberzu der ersten 
Alternative, denn man kann keine freien Enden des Strangs erkennen. 
Freilich kann man dies in Schnitten nicht entscheiden, wie in den 
Zellen, die ich in den Fig. 27 u. 28 dargestellt habe ; aber wir finden 
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nuch in Zupfpraeptarafen keine Stning-Enden, Die Chromatinkorner 
«ind nun viel grosser geworden ; sie ordnen sich aber noch in einfacher 
Reiheaufden Lininfaden an. Man findet noch in diesem Stadium 
ein oder zwei Nucleolen, die entweder ganz nahe nebeneinander liegen, 
oder auch in einiger Entfernung von einander. Diese Stadien zeichnen 
«ich durch die Zusammengruppierung des Chromatinstrangs um die 
Nucleolen au«, sc) da.ss in vielen Kernen, wo der oder die Nucleolen 
an einer Seite des Kernraums zu finden sind, der Kerninhalt nur am 
dieser Seite zusammengeriickt scheint, ein Zustand, welchem Moore 
(24) den Name " synapsis *' gegeben hat, und der von vielen Forschern 
in ahnlichen Kntwicklungsstjidien der Genitalzellen verschiedener 
Organismen beschrieben worden ist. Ganz allmUhlig wird der 
Chromatinstrang regelmassig im Kernraum gestreckt, und nimmt 
dabei das Volumen stetig zu (Fig. 29-35). In Fig. 29 u. 30 sehen 
wir keine Nucleolen, da die Zellen mit Essigsllure-Carmin behandelt 
fiind ; diese finden wir aber in alien andern Zellen dieses St^jidiums. 
In Fio^nr 31 rechts und in Fi^:. 32 unten finden wir ein oder zwei 
kleine stjirk mit Fuchsin tingierte Korperchen im Cytoplasma, die 
wir fiir die Centrosomen halten diirfen. Die Chromatinkorner des 
Strangs haben auch wie gewohnlich keine glatte Conturen, sondern 
viele Fortsatze (Fig. 32). 

Die Segmentation der Chromosomen scheint in diesen oder in den 
gleich daraufl^)lgenden Stadien stattzufinden, denn wir finden schon 
in den folgenden Stadien eine Anzahl von vereinzelten Chromosomen. 
Diess sehen wir in den Fig. 36 n. 37 dargestellt. Die Chromatin- 
korner der Strange werden nun in zwei Reihen angeordnet, was 
vermuthlich durch Theilungen herbeigefiihrt wird. So finden wir in 
diesen Stadien den ersten Antanof znv Lanfrstheilunoj der Chromosomen. 
Die Zahl der Chromosomen lasst sich aber noch nicht mit Sicherheit 
feststellen^ denn sie sind noch zieinlich lang. Nach dem letzten Stadium 
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findet die Langsspaltung der Chroinosomen statt. Immerhin siiid 
einige von ihnen nicht durchgespaheu, wie mjin in der Zelle, Fig. 38 
rechts oben, sieht. Ihre Lnge iin Kernraum zeigt noch keine 
Kegel masyigkeit an. Viele der Paare nehmen nun eine gnnz eigeu- 
thiimliclie Gestalt an, indem «ich eine sUrke Knickung nn der 
miuleren Partie einstellt, und so sich ein niehr oder minder gut 
au5<gepragte« V- Figur (Fig. 39 und 40) austgestaltet. Die einzelnen 
Mikrosomen in diesen Chroniosomen kann man wegen der starken 
Tinctionsfahigkeit der letzteren nicht beobachten. Jene Paare 
verkiu-zen sich allmahlig, und die Mikro«omen kouimen wieder zur 
Erscheinung. Diese sind nun viel grosser geworden wie friiher, auch 
ihre Gestalt ist nicht melir eine flaclie Scheil^e, sondern kugelig (Fig. 
41 bis 44). Ihre Zahl ist jedoch sehr schwer zu bestimmen, doch lasst 
sie sich in vielen Fallen auf vierzehn schiitzen. Ivleine cyanophile 
Korperchen werden auch in vielen Zellen dieser Stadien angetroifen 
(Eig. 38, 39, u. 41). Ob sie jedoch den Centrosonien entsprechen, 
was sehr wahrscheinlich ist, habe ich niclit entschieilen. Man findet 
noch in diesen Stiidien wohl entwickelte Nucleolen, die aber in den 
Fig. 43 u. 44 nicht angegeben sind. 

Die VerkUrzung der Chromosomen schreitet dann noch weiter 
fort, und die Mikrosomen werden wieder unsichtbar. Es tindet jetzt 
eine wichti^e Veranderunof der Chromosomen statt. Die Paare 
verkniipfen sich an ihren Verknickungsstellen mit ein- 
aiider, und es entsteht so eine Chromosomengruppe, die 
mit den in den Entwicklungscyclen der thierischen 
Geni talzellen so allgemeinen beobachteteu Vierergruppe 
einige Aehnlichkeit hat. Diese tinden wir in Fig. 45-70 
dargestellt. 

Figuren 45-47 wurden von einem Schnittprfleparat eutnommen ; 
die paarigen Chromosomen lassen sich hier nicht deutlich beobachten. 
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Auch ist die Zahl der Chromosomeii in diesen Figuren nicht zu 
erkennen. Man sieht die Xucleolen uud die Kernmembran noch sehr 
deutlich, obwohl die ersteren jetzt in Farbungsflilssigkeiten nur sehr 
blajsse Farbe annehmen. Diese beiden Strukturen Averden aber bald 
darauf aufgelo«t, und hierniit entsteht jetzt eine zierliche Spindel, die 
in Essigsaure- Praeparaten jedoch nicht oder «ehr undeutlich gesehen 
werden kann. So sind die in den Fig. 48-55 darge«tellten 
Spindein, welche uiit AIcohol-Essigaaure behandelt warden, sehr 
undeutlich, und in den niit Essigsiiure-Carmin behandelten Praeparaten 
von Fig. 62--70 fast gar nicht zu sehen, wogegen in den Fig. 56-61 
die Central- so wie die Mantelfasern mit aller Deutlichkeithervortreten. 
Diese letzteren Figuren wurden nach Praeparaten gezeichnet, die 
wir mit Flemming's concentrirter Fliissigkeit behandelt haben. 
Dieselben zeigen auch die naturliche Grosse, wahrend die anderen 
entweder zu stark aufgequollen (Fig. 62-70) oder ein wenig 
geschrumpft sind (Fig. 48-55). Die Essigsaure scheint ubrigens 
nicht mit gleicher Intensitat auf djis Cytoplasnia wie auf die 
Chromosomen zu wirken, denn die Jetzteren Structuren behalten 
beinahe dieselbe Grosse in Essigsaure- Praeparaten wie in denen mit 
Flemming's Fliissigkeit behandelten (vergleiche die Fig. 53-55, 
56-61 mit Fig. 62-70). 

Endlich nehmen die Chromosomen eine equatoriale Stellungein 
ohne daljei wie in gewohnlicher Mitose im Krauze angeordnet zu 
sein. Einzelne Paare lassen sich im Inneren der Spindel erkennen, 
besonders deutlich l>ei Polansicht, wobei oft klar hervortritt, djiss 
die freien Schenkelenden der geknickten Chromosomen nacli Aussen 
gericlitet liegen. Was die Lage der einzelnen Chromosomen in einem 
Paarling betrifft, so liegen dieselben u b e r e i n a n d e r in der Aequa- 
torialplatte wobei der eine dem Siidpol und der andere dem Nordpol 
zugekehrt ist. In fast schematischer Schonheit sieht man diese 
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Lngerung in den Seitenansichten der Fig. 52, 64, u. 70. Anders 
gestellte Paarlinge lassen sich jedoch iinmerhin In vereinzelten Fallen 
beobachten. 

Die oben beschriebenen Vorgange spielen sich wahrend des 
Monasterstadiums ab. Von jetzt fangt die Metakinese an, und fiihrt 
zur Bildung der PoUentochterzellen. Diess ist in den Fig. 71-88 
veranschaulicht. Die Schwesterchromosomen werden nun von 
einander getrennt. Dies geschieht mehr nach den homootypischen 
als nacli den heterotypischen Modi. Alle Schwesterchromosomen 
werden jedoch nicht a u f e i n m a 1 von einander getrennt, sondern 
einige davon erst nach langerer oder kiirzerer Zeit (Fig. 71-74). 
Anch werden sie nicht so lang gezogen wie in den Met^ikinesen der 
UrpoUenzellen, sondern bleiben kurz und dick (vergleiche Fig. 12-15 
mit 71-74). In diesem Metakinesenstadium treten nun viele 
cyanophile Korperchen im Zellraum auf, meistens auf den Spindel- 
fasern liegend, aber auch im iibrigen Cytoplasma, wie sie von anderen 
Autoren in verschiedenen Zellarten schon beobachtet und beschrieben 
sind. Diese ordnen sich offenbar an der Equatorialebene an, gegen 
das Ende der Metakinese, um die Zellplattenkorner zu bilden, gerade 
so Avie sie von vox Kostanecki (23) in den Embryonalzellen von 
Kaninclien beobachtet worden sind. 

Die acht V-formigen Tochterchromosomeu welche an beiden 
Polen der Spindeln sich angesammelt haben, verkiirzen sich nun mehr, 
und es beginnt nun ein ganz interessanter Vorgang. Die V-form- 
igen Chromosomen brechen an ihrer Verkuickungs- 
stelle durch, und so entstehen sechszehn stabchenfbrmige 
Enkelchromosomen. Veranschaulicht werden diese Stadien in den 
Fig. 79-85. Die Chromosomen in Fig. 81 behielten noch ihre V- 
Gestalt. Im Fig. 80 aber sieht man die zwei Chromosomen an der 
rechts liegenden Gruppe schon deutlich getrennt und haben sich um 
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90 Grade gedreht. Seiche abgetrennte Chromosomen finden wir auch 
in den Fig. 82 u. 83. Am schonsten sieht man sie in Fig. 84, wo 
alle Chromosomen die vollige Trennung zeigen. Auch die Zahl der 
Chromosomen ist nun leicht zu erkennen. In der oberen Gruppe 
kcinnen wir die acht Paare genau constatiren, wiihrend in der unteren 
zwei Piuire an der linken Seite als ein Stabchen zur Anschauung 
kommen. So finden wir am Ende der Metnphnsen acht Chromosomen- 
paarlinge oder sechszehn einzelne Chromosomen jm jedem Pole 
der Zelle. Diese Verdoppelung der Chromosomen an Dyastern 
hat eine auffallende Aehnlichkeit mit dem was* Flemming in der 
lieterotypischen Kerntheilung an den Samenzellen von Salavmndem 
nachgewiesen hat, obwohl die Theilungsvorgange in beiden Fallen 
recht verschieden sind. Ich komme auf diese Frage im allgemeiuen 
Theil wieder zuriick. Schon an dieser Stelle sei aber so viel bemerkt, 
dass die paarigen geknickten Chromosomen nicht, wie in Flemming's 
Fall, Langsspaltung erfahren, sondern Quertheilung. Die Chromoso- 
men verkiirzen sich nun noch mehr, bis man ihre Individualitat nicht 
mehr erkennen kann (Fig. 85, 86). Bald werden sie aber nochmals 
von einander gelost und enden in der Bildung von Tochterkernen 
(Fig. 78, 87, 89 u. 90). Wiihrend dieser Vorgange wird die 
Zellplatte gebildet nnd die Pollenmutterzelle wird in die PoUentoch- 
terzellen getheilt. 

4. Pollentochterzelle. 

Wenn die Chromosomen in den beiden Tochterzellen wieder 
sichtbnr werden, finden wir diese nicht in vereinzelten Stabchen 
wieder, sondern in Paaren vereinigt. Die Zahl dieser Piuirlinge 
beti-agt acht. Sie vereinigen sich aber, nicht wie in den Pollen- 
mutterzellen, an ihren mittleren Theilen, sondern an ihren beiden 
Enden, so dnss ringfonnige Chromosomen entstehen, gleich wie es bei 
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der heterotypen Metakinese des Salawanders der Fall ist. Veran- 
8oh;jnliclit werden diese Stadien in Fig. 87 biS 107. 

Ill' Fig. 87 sind die Chromosomen noch mit einander verbundeu, 
so dass sich die einzelne Ringe noch nicht mit Sicherheit herausstellen. 
Anch die Cliroinosonien sind noch recht dick. Diesel ben sind aber 
in Fig. 88 etwas diinner geworden, und es lassen sich in dieser Zelle 
einige ringformige Anordnungen der Chromosomen erkennen ; 
so z. B. in der oberen Gruppe. Gleichfalls kann man das auch von 
den Zellen von Fig. 89 u. 90 sagen, wo die Kernmembran schon 
aufoetrieben ist. In dieser Zelle sind die kuo^elio^en Mikrosomen 
wieder aufs deutlichste zu beobachten, aber die ringfbrmigen 
Chromosomen kann man hier noch nicht deutlich sehen ; anderseits 
findet man in einem etwas weit fortgeschrittenem Stjidium (Fig. 78) 
die Chromosomen fast in Mikrosomenkornern zerlegt, ganz so wie 
wir es in den Anaphasen der Urpollenzellen gesehen haben (ver- 
gleiche Fig. 18). Dasselbe findet auch in der Zelle von Fig. 91 
statt. In seltenen Fallen beofeofnet man einer noch feinerer Zerleofuns: 
der Chroma tinkorner als in Fig. 91 angegeben ist. Immerhin aber 
behalt der Kern seine polare Anordnung der Chromosomen bei , d. h. 
das Polfeld Rabl's ist immer zu benierken. In weiteren Stadien 
findet man die ringformigen Strukturen der Chromosomen mehr und 
mehr gut ausgepragt, (Fig. 92-98). In Fig. 92 sehen wir die 
Chromatinkorner etwas mehr zusammengenahert wie in Fig. 91, und 
in Fiix. 93 noch mehr. Man sieht in Fio^. 93 die Chromosomen in 
dem oberen Kerne zu engen Reihen angeordnet, und mit ihren Enden 
untereinander verbunden. In den iibrigen Figuren (Fig. 94-97) tritt 
die Ringform noch deutlicher hervor ; so z. B. in Fig. 94, 95, oder 96. 

Wahrend dieser Veranderungen, nimmt die Tinktionsfahigkeit 
der Chromosomen mehr und mehr zu, und die einzelnen Mikrosomen 
werden wieder sichtbar (Fig. 98-107). Auch die Chromosomen 
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aiidern ilire Anordnung im Kerni'aum, iind das darauf folgeiide 
Monasterstadium ist regelmassiger, wie dasjenige in der l^ollen- 
mutterzelle (Fig. 97-100, iind Fig. 113 rechts). In Fig. 98, wo 
man nur eine von den zwei Zellen in Polansiclit beobachtet, 
sieht man die acht Chromosomenrin<^e zu einem Kranz anoeordnet. 
Hieroder in der recbten Zelle von Fig,113 l^merkt man eineauffallende 
Aehnlicbkeit mit dem namlichen Stadium der beterotypiscben Form 
der Hodenzellen von Salamander wie es in Fig. 24 Taf. XXIV von 
Flemming's „ Neue Beitrage ( 8 ) " darge.'^tellt ist. Der Kern verliert 
jetzt «eine Membran, und das Cyto- iind Nucleopbisma kommen 
in Beriibruno: mit einander. Gleicbzeitif^c ^i^if dein Yerscbwinden der 
Kernmembran erscbeinen die Spindelfasern (Fig. 105-107). Die 
Cbromosomengruppe nimmt nun an Umfang bedeutend zu (vergleicbe 
Fig. 97, 98 mit Fig. 99-102). 

Die TbeiUmg der Pollentocbterzellen scbreitet nacb dein lietero- 
typiscben Modus vor (Fig. 103-107). Die Tocbtercbroinosomen 
bleiben langere Zeit teisammen, dabei nebmen die Cbromosomenringe 
recbt verscbiedenarti<re Gestalt an. Man siebt aucb in eini^i^en Fallen 
eine regulare Anordnung, wie wir das in Fig. 106 dargestellt baben. 
Dieselbe Zelle zeigt nocb eine weitere Abweicbung darin, dass 
einige Paare in diesem Stadium bereits voUig getrennt sind. Aber 
gerade diese Zelle zeigt uns nocli die interessante Tbatsacbe, dass die 
Trennunfjc des Cbromosoinenrincrs in der Vereinif^unofsstelle der 
Toclitercbromosomen stattfindet. 

Die acbt Cbron^osomenringe dieses Monasters werden nun 
in zwei Gruppen von acbt einfacben Cbromosomen getrennt. Der 
Habitus dieser Cbromosomen ist anders als der- 
jenige in den Urpollenzellen. Diese Metakinesestadien 
finden wir in Fig. 109-117 dargestellt. In Fig. 109 und 110 sind 
einige Tocbtercbromosomen nocli nicbt vollig von einander getrennt. 



Digitized by 



Google 



208 C. ISHIKAWA : 

V ergleicht man diese Chromosomen mit denen der Fig. 71-77, so 
wird man sofort sehen, dass sie von einander recht verschieden sind, 
wie der Vergleich mit den Fig. 12-17 ergibt. Diese Verhaltnisse 
verdieiien weitere liesichtung, indein hier wie in der UrpollenzelJe ein 
Ruhest«idium folgt, wiihrend die Pollenmutterzelle sich gleieh wieder 
zu Theilung anschickt. 

Die Umwandlung der Enkelkerne in Anaphasen ist ahnlich wie 
in den Prophasen, nur schreitet sie dort weiter vorwarts wie hier. In 
ihren ersten Umwandlungj^stadien sieht man dieeinzelnen Mikrosomen 
wieder deutlich (Fig. 113-117), und aiich ist das Rabl's Polfeld 
wohl zu erkennen. Die Theilungsfiachen der beiden Mutterzellen 
befinden sicli nicht immer in derselben Ebene, sondern ihre 
Richtungen sind recht verschieden, wie mim aus den Fig. 105, 107, 
110, 111, 116, u. 117 sehen kanu. Wen n die Nuclei das Ruhestadium 
erreiclit haben, dann [)latzt die gemeinsame Membran, und die 
einzelnen Pollenzellen treten nnn heraus. 



5. Pollenzelle. 

Der Kern macht noch eine weitere Unwandlung durch, und 
kehrt zu seinem volligen Ruhezust«md zuriick. Das Chromatinnetz 
bildet sich vollstandig so wie in der Urpolienzelle. Es entsteht gewohn- 
lich ein grosser Nucleolus. Bald aber werden die Chromatinkorner 
grober und eine Anzahl von Chromosomen tritt wieder zu Tage* 
Jedoch sind die Chromosomen noch sehr lang und sehr gewunden, so 
dass man ihre Zahl nicht gut erkennen kann. Die Chromosomen sind 
aber noch nicht doppelt, d. h. es giebt kein Anzeichen von einer 
Langstheilung in diesem Stadium wie man aus den Fig. 119 u. 120 
gut sehen kann. Nun werden die Mikrosomen wieder sichtbar (Fig. 
121), und bald darauf werden jene der Liinge nach getheilt (Fig. 122). 



Digitized by 



Google 



STUDIES OF REPRODUCTIVE ELEMENTS : III. 209 

Nun fangea die Chromosomenpaare an sich zu verkiirzen, imd 
ihre Achtzabl wird wieder sichtbar (Fig. 122-125). Die Liings- 
theilung scheint aber nicht gleichzeitig in den siimmtlichen Chromoso- 
men stattzufinden, wie man an Fig. 128 sieht. Auch in diesem 
Stadium zeigen die Tochterchromosomen eine Neigung an ihren 
Enden zu verschmelzen, und so entstehen wieder Chromosomenringe 
(So z. B. eine an der linkeu Seite der Fig. 130). Kurz nach ihrer 
Langstheilung biegen sich die Chromosomen an ihren centralen 
TheiJen urn, gerade so wie es in der PoUenmutterzelle stattfand ; 
aber nicht so stark wie in diesem Falle, so dass sie gewohnlich eine U- 
und nicht Y-formige Gestalt annehmen. 

Wenn die Langsspaltung der Chromosomen vollendet ist, so 
tritt das Monasterstadium ein. Dieses ist aber nicht nach dem 
gewohnlichen Typus gebildet, sondern mehr nach dem heterotypen. 

Spindeln und Zellphitte habe ich erst im Diasterstadium 
beobachtet (Fig. 134, 135). Fig. 136 zeigt ein Stadium gleich 
nach der Abtrennung des vegetativen Kerns. Dieser liegt aber 
gernde unter dem generativen und ganz von dem letzteren verdeckt, 
was wir in dem Bilde nicht angegeben haben. Die Chromosomen 
verkiirzen sich in gleicher Weise in beiden Kernen. Mit ihrem 
Lockerwerden tritt aber eine erhebliche Differenz zwischen den beiden 
Kernen ein (Fig. 137 v. 138). Der vegetntive Kern verkleinert sich 
bald und nimmt dabei einen intensiveren Farbenton an, al« der 
generative, etwa so wie wir zwischen den Kernen der Keim- und 
Nahrzellen vieler Thiere beobachten. Viel starker farbt sich aber das 
grosse Kernkorperchen des generativen Kernes als das viel kleinere 
des vegetativen. 

Auch in chemischer Hinsicht scheint eine Differenz zwischen 
diesen beiden Kernen zu bestehen, denn bei der Doppelfarbung einer 
PollenzelJe mit Saurefnchsin und Methylenblau zeigt der Kernsaft 
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der ^renerativen Zelle eine starke Neigung, die rothe Farbe anzu- 
nehmei], wjlhrend derjenige der vegetativen die blaue. 

Die Theilung des generativeii Kernes im Pollenschlauche habe 
ich nicht beobachtet. 



B. Zusammenfassung. 

1. Die Gewebszellen von Allium fistulomm^ L. enthalten sechszehn 
Chromosomen (Fig, 1). 

2. Die jungste Pollenzelle (Urpollenzelle) hat eine oder zwei 
ovale Nucleolen von betrachtlicher Grosse, und ein feines Chromatin- 
netz (Fig. 3, 3 u. 4). 

3. Das Chroinatinnetz wird allmahlig grober nnd das oder die 
Nucleoli kleiner (Fig. 5). 

4. Im nachsten Stadium sainmeln sich die Chromatinkorner zu 
einem viel gewundenen zusammenhangenden Netz, welches zuerst 
pseudopodienahnliche Fortsatze an der Oberflache trilgt ; diese 
werdeu aber bald zuriickgezogen (Fig. 6). 

5. Nun tritt eijie Segmentierung des Chromatinstranges ein. 
Die Seginente sind al^er bei ihreui ersten Auftreten lang und viel 
gewunden, so dass ihre Zahl nicht zu erkeimen ist (Fig. 7 u. 8). 

6. Die Segmente verkiirzen sich und die acht Chromosomen 
kommen nun zur Ersciieinuug (Fig. 9). Die Nucleoli ver:?chwinden 
dabei. 

7. Die Chromosomen verlangern sich wieder, und ihre Langs- 
spaltung tritt jetzt ein (Fig. 10). 

8. Die Metakinese tindet nacli dem heterotypen Modus statt 
(Fig. 11). 

9. Nach der Theilung geht die Tochterzelle (die ich Pollen- 
mutterzelle nenne) zu volligem Ruhestadium iiber (Fig. 21-23). 
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10. Die regelmassig im Kernraum zerstreuten Chromjitinkorner 
ordnen «ich allmahlig zu einein langeu Strange ziisainmen (Fig. 
24-27). 

11. Die Mikrosomen werdeii uiisichtbar, und die Sei^nientierunor 
de« Chroniatinstranges tritt wieder ein. 

12. Die Mikrosornen treten nun wieder auf (Fig. 32-35). 

13. In den folgenden Stadien werden die Mikrosomen der Lange 
nach getheilt. Die Theilhalften sind aber mit einem Achromatin- 
substanz verbunden (Fig. 36 u. 37). 

14. Die Chromosonien erleiden eine starke Yerkiirzung, und die 
einzelnen Mikrosomen werden wieder unsichtbxr. Xun tritt die 
Langsspaltung der Chromosonien ein (F\g. 38 u. 39). 

15. Jedes Chromosoma kuickt sich am centraJen Theile um. In 
einzelnen Fallen kommen die Mikrosomen wieder zur Erscheinung 
(Fig. 44). 

16. Nun werden die Chromosonien stark verkiirzt und die 
Mikrosomen werden wieder unsichtbar (Fig. 45-47). 

17. Die Sch wester - Chromosomen haften sich auf ihrer Ver- 
knickungsstelle ein, und so entsteht eine X-formiger Figur (Fig. 48). 

18. Die Nucleoli und die Kernmembran verschwinden jetzt, und 
das Monasterstadium tritt ein. 

19. Die Theilung dieser Zellen schreitet ahnlich wie bei dem 
Flemming's homoeotypen Modus vor (Fig. 71-74). 

20. Die acht V- formigen Tochter- Chromosomen brechen nun 
auf ihrer Verknickungsstelle durch und so entstehen acht Chromoso- 
menpaarlinge (Fig. 76-84). 

21. In den Tochterkernen losen sich die Chromosomen in ihrer 
Mikrosomenkorner auf, aber ein volligen Ruhestadium wie in der 
Urpolleuzellen tritt in diesen Zellen nicht ein (Fig. 78, 87-90). 
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22. Die Theilung der PoUeninutterzellen fiihrt zu der Bildung 
der Po]lentochterzel]eD. 

23. In diesen Zellen treten die Chromosomen wieder in der 
Acht-Zahl auf« Diese nehmen aber nicht in Gestalt eines einfachen 
Stranges, sondern ringformige Gestalt an. 

24. Die Theilung dieser Zellen findet nach dem Flemming's 
heterotypischen Modus statt. Sie fiihrt zur Bildung von vier 
PoUenzellen. 

25. Der Kern der soeben gebildeten PoUenzellen geht zum 
volligen Ruhestadium iiber, indem sich seine Chromosomen wieder in 
Chromatinkorner auflosen und ein betrachtlicher Nucleolus erscheint 
nun in dem Kern. 

26. Die Mikrosomen ordnen sich wieder zu einem iang- 
gewundenen Strang zusammen, Avelcher nach der Verlangerung 
nochmal Mikrosomen bestandtheile zeigt (Fig. 221). Bald darauf 
wird der Chromosomenstranf^r in Sesfmeiite zerleo^t. 

27. Die Langstheilung der Chromosomen tritt gewohnlich gleich 
nach ihrer Segmentation ein (Fig. 122). 

28. Jedes Chromosoma verkiirzt sich wieder, und ihre Acht-Zahl 
wird wieder deutlich. 

29. Die acht Chromosomenpaarlinge biegen sich an ihrem 
centralen Theile um, und so entstehen U-formige Figuren. 

30. Die Kernmembran verschwindet, und die acht Chromosomen- 
ringe bereiten sich zur Bildung der vegetativen Zellen vor, indem die 
Tochterchromosomen sich wieder von einander trennen. 

C. Deulung der obigen Beobachtungen 
und Besprechung der Lileralur. 

Aehnliche Vorgange, wie ich sie oben geschildert habe, wurden 
bekanntlich von vielen Botanikern an verschiedenen Pflanzen beo- 
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bachtet. liesonders die characteristischen Gestalten, welche die 
Chromosomeu in dem Theilungsstadium von PoJIenmutterzellen 
annehmen, sind so auffallend, dass sie von alien Beobachtern, die sich 
niit der Entwicklungsgeschichte der PoUenkorner beschiiftigt haben, 
sorfirfaltiff beschrieben wurden. Das Gleiche wurde auch von Sargant 
(32) neuerdings bei der ersten Theilung des Embryosack-Kernes von 
Lilium MartagoH beobacbtet und beschrieben (Fig. 19-22 auf Taf. 
XXIII). Der Entstebungsmodus dieser Figuren ist aber fast in 
alien audereu Fallen so compliciert, dass es sehr schwer ist, ihre 
Entstehung durch Langstheilung aus einzelnen Chromosomen zu 
verfolgen. Dass aber jene Autoren aus ihren IJeobachtungen richtige 
Schlusse gezogen haben, beweisen die oben beschriebenen Vorbereitungs- 
processe zu der ersten Theilung der PoUenmutterzelle, und Haecker 
(15) irrt sich hier, wenn er im Widerspruch zu Strasburgrr's 
(35) Verallgenieinerung folgendes aussert : " And so I believe if a 
true reduction of the chromosomes takes place anywhere in the 
generative cell- cycle of plants it must exist there '' (d. h. in der 
ersten Theilung der Pollenmutterzellen). Ich muss aber gleich hier 
bemerken, dass was Haecker unter einer Reduction versteht, nur in 
seinem (14,16) und in Ruckert's (30,31) Sinne gemeint ist, aber nicht 
im Sinne Weis>iann's (37,38) und vom Rath's (29), indem die 
beiden letzten Autoren die beiden Theilungen der Samenmutterzelle 
(Spermatocyte) als Reductionstheilungen aufzufassen pfiegen, wahrend 
Haecker (16) und Ruckert (31) nur die letztere. Wir haben aber 
in dieser IJeziehung Haecker zu verdanken, dass er zuni ersten Male 
die auiFallende Aehnlichkeit hervorhob welche zwischen den Vor- 
bereitungsstadien zu den Theilungen der Pollenmutterzellen und 
denen der Spermatocyten- resp. Richtungskorper besteht. 

In den genauer bearbeiteten Fallen l)etretfs den Ei- und Samen- 
zelle finden wir nun in diesen StJidien die l)ekaiinte Vierergruppe, 



Digitized by 



Google 



214 C. ISHIKAWA : 

deren Entstehiingsweise von verschiedenen Autoren verschieden 
aufgefasst wurde. Weil namentlich Boveri ( 2 ) und Brauer (4,5), 
denen sich auch Moore (7,24) anschliesst, die Vierergruppe durch 
zweimalige Langsspaltungen eines primaren Fadens entstehen liessen, 
denken sich Haecker (16), vom Rath (29), und Ritckert (31) sie 
durch eine Langs- und eine Quertheilung enstanden. Boveri, der 
mit der Entwicklungsgeschichte des Eies des Pferdspulwurma sich 
langer beschaftigt hat, denkt sich, dass in dem Keimblaschen von 
Ascaris megalocephala univalens nur ein einziges Chromosoma vor- 
handen ist, welches durch zweimalige Langstheilungen in vier 
Stabchen zerlegt wird. Diese vier Stabchen wurden durch die 
Bildung von zwei Richtungskorperchen auf die urspriingliche Einzahl 
reduciert. Das Gleiche wurde von Brauer (4 ) bei der Bildung der 
Samenzelle desselben Wurms behauptet. Die Ursamenzelle von Ascaiis 
megalocephala univalens enthalt nach diesem Autor einen einzigen 
Chromatinfaden, welcher im Laufe der Entwicklung durch zwei 
Langstheilungen zu einem Bundel von vier Stabchen sich umwandelt, 
von denen jedes zu einen Spermatid wird. Aehnliche Vorgftnge 
wurden auch von Hertwig (18) als wahrscheinlich hingestellt. Da 
aber die befruchtete Eizelle dieses Wurms zwei Chromosomen enthalt, 
so denken sich Boveri und Brauer dass die Reduction schon im 
KeimblSschenstadium oder noch friiher stattfindet. 

Haecker und Rijckert, die mit den Eireifungen von ver- 
schiedenen Gopepoden sich beschaftigt haben, fanden auch die 
reducierte Zahl der Chromosomen bei diesen Keimblaschen ; aber sie 
halten diet's wie gesagt nicht fiir eine wirkliche, sondern filr eine 
scheinbare, denn die Chromosomen wiirden auffallender Weise eine 
Langs- und eine Quertheilung erleiden miissen, um die Vierergruppe 
zu bilden. Aehnliche Vorgange wurden auch von vom Rath in 
verschiedenartigen Thieren beobachtet, aber in schonster Weise in den 
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Hodenzellen von Salamandra maculosa (27)und von Gt-yllotalpa (25,26), 
obwohl dieser Autor in der Deutung der Reduction von den beiden 
Anderen abweicht und die theoretisch postulierte Reduction Weis- 
mann's anzuuehmen geneigt ist. Zu einem etwas abweichenden 
Resultat gelangte Wilcox (39,40) bei seinem Studium iiber die Samen- 
bildung der Caloptemis femur- ruh^m. Nach diesem Autor soil die 
Vierergruppe nach zwei Modi entstehen. Bei dem ersten Modus 
werden die Chromatinkorner in vierundzwanzig Punkte zusammenge- 
drangt, und diese wiederum zu Vieren gruppirt, und so entstehen 
sechs Vierergruppen. Bei dem zwei ten Modus wird der Chromatin- 
Strang in zwolf Stiicke segmentiert ; diese aber gleich in sechs Paare 
vereinigt, welche entweder so eng sich an einander lagern, dass die 
Paare als ein einziger Stab erscheinen, oder die Vereinigung ist sehr 
locker und giebt dem Paar den Anschein eines durch Langspaltung 
entstandenen Chromosomas. Die Chromatinkorner dieses Strang- 
paares verdichten sich zu je vier Chromosomengruppen. Durch zwei 
aufeinander folgende Theilungen der Spermatocyten werden die 
Chromosomen auf eines reduciert. Denken wir nun jedes der vier- 
undzwanzig Chromatinkorner zu einem individuellen Chromosoma 
umgewandelt, so haben wir hier doppelt so viel Chromosomen wie in 
der befruchteten Eizelle ; werden aber jeder der zwolf Chromatin - 
strange zu einem Chromosoma, dann haben wir die Normalzahh Das 
Auftreten der doppelten Zahl der Chromosomen in den Kemen der 
Spermato- respectiv Ovocyteu ohne vorhergehende Langstheilung wie 
es hier von Wilcox beschrieben worden ist, steht in der Geschichte 
der Spermato- sowie Ovogenese der Thieren ganz vereinzelt da, 
obgleich es theoretisch nicht unmoglich, oder sogar sehr wahrschein- 
lich ist, und es bedarf deswegen noch eine weitere IWrbeitung als 
dies von Wilcox geschah. Das Auftreten einer Normalzahl von 
Chromosomen im Keimblaschen wurde auch von Korschelt (22) bei 
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Ophnjotrocha puerilis beobachtet und genau beschrieben. Auf botani- 
scher Seite ist man aber vollstandig iiberzeugt, dass sich beim 
ersten Auftreten der Chromosomen in den Pollenmutterzellen oder in 
den Kernen des Embryosackes eine auf die Halfte reducierte Zahl 
zeigt. So fanden 3trasburger (32-36), Guignard (10), Farmer 
( 6 ), und Sargant (32) zwolf Chromosomen in Urkeimzellen 
der Lilium Martagon wo die Normalzahl vier-und-zwanzig betragt. 
Jedes dieser zwolf Chromosomen theilt sich nach den Untersuchunffen 
Farmer's (6,7) der Lange nach, wobei sich ein Ring oder eine am 
einer Seite unterbrochene acht-formige Schleife oder auch zwei 
parallel laufende Schleifen sich bilden. Durch Verlotung der einen 
oder der beiden Enden dieser getheilten Chromosomen eutstehen die 
bekannten T-, Y-oder auch X-formigen Figuren. Diese Chromosomen 
werden nach diesen Autoren durch zweimalige Langsspaltungen auf 
die Tochterkernen vertheilt, so dass die Zahl der Chromosomen weder 
vermehrt noch vermindert wird. Es giebt also keine Reductionen 
der Chromosomen in diesen Stadien. Dieselben Vorgange wurden 
auch von Belajeff ( 1 ) und Strasburger (36) fiir die Samen- 
entwicklung von Larix europea behauptet. Nach Strasburger, dem 
die Reduction der Chromosomen in ganz anderem Sinne erscheint, 
wie Weismann, haben die complicierteu Veranderungen welche die 
Chromosomen in den Vorbereitungssfcidien zu den Theiluugen bei den 
Pollenmutterzellen keinen Sinn, denn die Chromosomen-Reduktion 
wurde nach diesem Autor schon bei der Bildung der Archesporen 
vollendet. 

Vergleicht man die Angaben und die Abbildungen dieser ver- 
schiedenen Autoren mit der oben geschilderten PoUenkorner- 
entwicklung von Allium fistiUosuw^ so sehen wir dass ein wesentlicher 
Unterschied zwischen den beiden bestelit. Wahrend in Lilium und in 
Larix die durch Langsspaltung entstandenen Schwesterchromosomen 
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gewohnlich ixn ihren Enden vereinigt bleiben, trenuen sich diese hier 
voUig von einander, so dass wir zwei parallel laufende Faaern 
bekommen, gerade so wie in den von Farmer als seltenerer Fall 
beschriebenen und in seinem schematischen Figiir III C ( 7 ) ange- 
gebenen Doppelfaden. Besonders ahnlich sind sie mit den Chromoso- 
men, welche wir im Keimblaschen vor den Reifungstheilungen 
thierischer Genitalzellen antreffen, wie namentlich mit denjenigen 
von Cyclops signatus nach Haecker (14) oder von Cyclops strenuus 
nach Haecker (14,16) und nach Ruckert (30). Die paarigen Chro- 
mosomen unserer Pflanze zeigen ebenso wie in jenen Fallen stark 
verdickte Enden, die starker durch Tinctionsmittel geftlrbt werden 
als ihre inittleren Theile. Man vergleiche nur meine Fig. 39-42 
mit Ruckert's Fig. 7 a, b und 8 a, b,c auf dessen Tafeln XXI und 
XXII, und ihre Aehnlichkeit ist ausser allem Zweifel. 

Auch die weiteren Stadien dieser Gruppen erinnern uns mehrfach 
an die Bilder bei Copepoden^ walu-end das nachste Stadium eine 
auifallende Aehnlichkeit mit dem von Salaniandm Diaculosa hat wie 
es von VOM Rath (27) in schonster Weise beschrieben wurde ; 
man betrachte nur die Abbildungen 6 oder 7 auf dessen Taf. VII. 
Die V- fbrmigen Chromosomen unserer Pflanze zeigen ebenfalls 
verdickte Enden wenn auch nicht in so hohem Mass, wie diejenigen 
von Salamandra. Weil aber in Salamandra die Chromosomen gleich 
darauf sich in vier Kiigelchen zerlegen, bleiben sie bei Allium 
zusammenhangend bis sie am Aequator der Spindel sich ordiien. Ob 
man aber diese Endverdickung der Chromosomen als das Streben 
zu ihrer Quertheilung ansehen darf, bleibt einstweilen unentschieden, 
da in alteren Stadien wo wir keine Quertheilung finden, man auch 
solche Chromosomengestalt (z. B. in Fig. 124, 125, 126, u. 131) 
antrifft. Jedenfiills lassen sich in vielen Chromosomen die verdickten 
Enden weit starker tingieren als die mittleren Portionen, so dass man 
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eine starke Ansammlung der Chromatineleinente an diesen Puncten 
annehmen darf. 

Die Anordnung der Chromosomen am Spindelaquator, sowie die 
relative Lage der Doppelstabchen ist ganz so wie diess von Ruckert 
(30) bei Cyclops strenuus beschrieben worden ist, d. h. der eine Stab 
liegt dem einen und der andere nach dem anderen Spindelpole 
zugewendet, so dass in Metakinese die Doppelstabe an ihren 
Spalthalften von einander getrennt werden. Diess lasst sich bier aber 
wie gesagt nicbt bei alien Paarlingen nachzuvveisen, denn in vielen 
bleiben die Schwesterchroniosomen an ihren mittleren Portionen so 
innig mit einander verbnnden, dass ihre Individual itat in vielen Fallen 
sich nicht erkennen lasst. Bei einigen Paaren findet man deutlich 
sogar andere Anordnung der Chromosomen z. B. in dem Paarlinge, 
welcher oben in der 2^1 le von Fig. 57 sind sie kreuzweise auf der 
Spindel angeordnet. Dasselbe sieht man auch in dem zweiten Paarlinge 
links in der Zelle von Fig. 65, dagegen in dem Paarlinge der an der 
rechten Seite dasselben Zelle liegt, befinden sich die einzelnen Chromo- 
somen nebeneinander. In diesen Fallen, wenn keine Umordnung in 
ihrer Lage stattfindet, ehe sie sich von einander trennen, enthalten die 
nach dem Pole gelangten Tochter-Chromosomen andere Mikrosomen- 
componente uls die urspriinglichen Spalthalften ; das hat viel Wahr- 
scheinlichkeit fiir sich. Dass diese von theoretischer Standpunkte vom 
besonderen Interesse sind, braucht kaum hervorgehoben zu werden, 
da in dieser Weise diesbeziiglichen Chromosomen werden der Quere 
nach getheilt, und so die Iden- Reduction Weismann's mit dieser 
Theilung in Vollzog gebracht werden kann, wenn man auch die 
Moglichkeit einer Umcombinierung der Iden in der Llingstrennung 
der Chromosomen in Abrede stelU. 

Aber noch ein interessantes Stadium wie ich oben schon angedeutet 
habe, spielt sich am Ende der Metiikinese ab. Hier werden die acht 
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V-fbrmige Chromosomen in sechszehn Stabchen zerlegt, indem jedes 
V an der Kante zerbricht. Diese auffallende Evscheinuiig steht aber 
nicht ganz vereinzelt in der Geschichte der Genitalzellen. Bei Cyclops 
strenuns, wie von Haecker (14) und Ruckert(30) angegeben wurde, 
findet diese Quergliederung der Chromosomen gewbhnlich viel friiher 
statt. In vereinzelten Fallen sieht man aber diese aich erst im Dyas- 
terstadium vollziehen. Haecker (14) hat mimlich bei einigen Eiern 
dieses Thieres neben den schon getheilten und parallel laufenden 
Chromosomen paare „ winklig geknickte Stabchen " im Dyaster der 
ersten Richtungsspindei gesehen und deutet sie, ganz richtig, als noch 
nicht getheilte Chromosomen. Wahrend aber in thierischen Zellen 
diese Chromosomen mit dem gleich dtirauf folgenden zwei Theilungen 
sich auf vier Enkelzellen vertheilen, bilden sie sich bei unserer Pflanze 
zu ruhenden Kernen um, und lassen dann dabei ihre Individual tat nicht 
mehr erkennen. In Anaphasen lasst sich aber feststellen, dass die 
Schwesterchromosomen allmahlig an ihren freien Enden sich wieder 
mit einanden verlothen, so dass eine mehr oder weniger gut ausge- 
pragte Kranzform entsteht. Ob aber die kranzfbrmig angeordneten 
Chromosomen, die wir in den Prophasen der nachsten Theilung 
beobachten die namlichen oder ob diese Kranze Neubildungen sind, 
lasst sich hier natiirlich nicht mit aller Bestimmtheit sagen. Immer- 
hin wiirde es sonderbar erscheinen, wenn das letztere der Fall ware. 
Wenn aber es sich als sicher herausstellt, dass die erstere Alternative der 
Wahrheit entspricht, was ich geneigt bin zu glauben, denn haben wir 
hier ganz ahnliche VorgHnge vor uns, wie in der Bildung des zweiten 
Richtungskorpers respective der letzten Theilung der Spermatocyten, 
wie sie von Haecker, vom Rath, und Ruckert angegeben sind, und 
der zweiten Reductionstheilung Weismann's entsprechen. 

So wichtig auch dieser Reductionsvorgang bei Allium Jistu- 
losum ist, so theile ich diess doch nur mit aller Reserve mit ; 
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denn wir findeii in den sorgfaltigsten Arbeitcn tiber die nam- 
lichen Gegenstande von Guignard (10), Strasburgek (33-36), 
Belajeff ( 1 ), Farmer (6,7), und Sargant (32) keine ahnlichen 
Beobachtungen gegeben. Strasburger (36) der besonders diesem 
Punkte seine Aufmerksamkeit geschenkt hat, hebt nur zwei 
Llingstheilungen von Lilium' Pollenmutterzelle hervor, womit auch 
Farmer ( 6 ) in seiner Arbeit liber Lilium' Antheven einverst^mden zu 
sein scheint. Das Gleiche wurde auch von Sargant (32) in ihrer 
Oogenetischen Untersuchung fur ahnliche Stadien beschrieben, obwohl 
diese Autorin nur sich speciell mit der Keductionsfrage beschaftigt hat. 
Nehnien wir die Deutuno^ der obeno^eschilderten Yoro^anore tei 
Allium jistulosum^ L. als richtigan, so werden die Chromosomenreduk- 
tioneu entweder so erfolgen, dass die von VOM Rath postulierte 
Uinconibinierung der Iden in den Langsspaltungen der Chroniosomen 
bei der Mutterzelle erfolgen, oder dass diese Theilung nur einer Aequa- 
tionstheilung entspricht. Wenn wir nun dieacht Chroinosomen welche 
aus dem Knauel der UrpoUenzelJe sich herausgebildet haben, aus je 
zweier zusammengesetzt denken, und diese als af>, cd^ ef, gh^ ij, hi, vm, op 
bezeichnen, djinn Averden diese nach der ersten Alternative durch 
eine Langs- und eine Quertheilung die folgenden Vierergrup|)en bilden : 
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— — Und wenn wir zu diesen beiden die obeno^enannten 
o\p ' ^ 

tJnregehnassigkeiten bei der ersten Theilung der Pollenmutterzelle in 

Betracht ziehen, dann werden die Variationen bei den gesammten 

Chromosomen noch grosser, als ich hier angegeben habe. 

Tokyo, Ende Februar, 1897. College of Agriculture, 

Imperial Uuivei-sity. 
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Tafel XVI. 

Siimiutliclje Figiireu sind mit einem Zeiclienapparat aiif der H5be des Objeci- 
tiscliea gezeiclmet, und zwar mit Zeiss' Objectiv i Horaogener Immersion mife 
Ocular 4. 

Fig. 1. Epitlielzelle von einer juiigen Bliitbenknospe in der Metakinese. 
Zupf-Pirepaiat ill AIcobol-Essigsiiure mit Greiiacber's Hteraatoxyliu. 

Fig. 2-5. Jnnge Urpolleuzelle aiis einer sehr kleinen nngestielten 
Autberenanlage. Flemming's Fliissigkeit mit Fuchsin-Metbylenblau. 

Fig. 6-8. Kuaiielstadien ebensobehamlelt wie die vorigen. 

Fig. 9-10. Segmentation und Liiiigstiieilung der Cbromo3omen. Bebandelt 
wie die obigen. 

F.ig 11-17. Tbeilungsstadieii der Urpollenzelle. Alcobol-Essigsaure mil 
Greuacher's Hematoxylin. 

Fig. 18-20. Scliliisse der Tlieiluug und Anapbasen. Ebensobebandelt wie die 
vorigen. 

Fig. 21-23. Rubende Zellen nacb der Tbeilung — junge Pollenmatterzellen. 
Scbnitte ebensobebandelt wie die vorigen. 

Fig. 24-26. Vorbeieitnng zum Kniiuelstadium. Scbnitte mit Flemming's 
Flussigkeit und mit Fucbsin-Metbylenblau bebandelt. 

Fig. 27-28. „ Synapsis "-Stadien. Scbnitte ebensobebandelt wie die vorigen. 

Fig. 29-85. Knauelsttidien. Man siebt in diesen Stadien einige Centrosomen- 
abnlicbe Koipercben im Cytoplasma liegend, die wobl als solcbe gedeutat werden 
kbnnen. Fig. 29-32, Zupf-Prteparat ; 83-85, Scbnitte. Fig. 29-30, Essigsaure- 
Carmin ; Fig. 31-82, Alcobol-Essigsaure mit Grenadier's Haematoxylin ; Fig. 88-35, 
Flemming's Flussigkeit mit Fucbsin-Metbylenblau. 

Fig. 86-37. Segmentierung des Cbromatinstrangs. Microsomen sind nun in 
zwei Reiben angeordnet. Flemming's Fliissigkeit mit Fucbsin-Metbylenblau. 

Fig. 88-44. Liingsspaltung der Cliromosomen. Fig. 88-42, ebensobebandeU 
wie die vorigen. Fig. 48-44, Essigsaure-MetbylgrUn. 

Fig. 45-47. Langsgespaltene Cbromosomen verkurzen sicli stark, und liaften 
sicb an ibrer mittleren Portionen an eiuander, und so entsteben Figuren, die mit der 
in thieriscben Genitalzellen bekannten Vierergruppe einige Aebnlicbkeit baben. 
Flemming's Flussigkeit mit Fucbsin-Metbylenblau. 

Fig. 48-70. Monastei-stadien. Fig. 48-55, Alcobol-Essigsaure mit Grenacher's 
Hematoxylin ; Fig. 56-61, Flemming's Fldssigkeit mit Fucbsin-Metbylenblau ; 
Fig. 62-70, Essigsaure-Carmin. 
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Tafel XVII. 

Siiinmtliclie Figureii sintl mit eiiiem Zeiclieuapparat auf der Holie des Object- 
tisclies gezeicliiiet, und zwar mit Zeiss' Objectiv ^ Homogeuer IiDmersiou mit Ocular 4. 

Fig. 71-77, 79-86. Dyastern und Metakinese. Man beach te in vielen Figiiren 
(z. B. in Fig. 76, 83 u. 84), die ScLenkel der Y-formigen getrennten Chromosomen an 
beiden Polen der Spiudel seebszehn einfacbe Stabcben entsteben. Fig. 71-77, 
bebandlung mit vom Eatb^scber Losung mit Safranin-Gentiana-Orange Farbung ; 
Fig. 79-86, Alcobol-Essigsaure mit Grenacber's Htematoxyliu. 

Fig. 78, 87-93. Entstebuug der Zellplatte und Anapliasen. Die Pollen- 
mutterzellen sind nun in Pollentocbterzellen getbeilt. Fig. 78, in vom liatb'scber 
Losung, mit Fucbsin-Metbylenblau ; Fig. 87-98, Alcobol-Essigsaure mit Grenacher's 
Hrematoxylin. 

Fig. 94-104. Propbasen zur niicbsten Theilung. Beide getrennte Scbenkel 
von V scbeinen sicb nun wieder an ibren beiden Enden vereinigt zu baben. Fig. 
94-102, mit Alcobol-Essigsaure mit Grenacber's Htematoxylin ; Fig. 108-104, 
mit Essigsiiure-Carmin. 

Fig. 105-189. Mit Alcobol-Essigsaure mit Grenacber's Ha}matoxylin bebandelt. 

Fig. 105-107. Monasterstadien vor der niicbsten Tbeilung. 

Fig. 108-112. Dyastern. 

Fig. 118-117. Ende der Metakinese und Bilduug von vier Pollenzellen. 

Fig. 118. Pollenzelle soeben befreit. 

Fig. 119-121. Knauelbildung. 

Fig. 122-182. Liingstbeilung der Chromosomen bei der Vorbereitung zur 
Tbeilung von generativen und vegetativen Kerneu. 

Fig. 188-185. Dyastern. 

Fig. 186-189. Anapbasen. Man beacbte die Farbungsunterscbiede zwiscbeu 
den generativen und vegetativen Kernen. 
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Contributions to the Morphology of Cyclostomata 

I. On the Formation of the Heart in Petromyzon. 

by 
S. Hatta. 



With Plate XVIII. 



In 1891, I published a paper entitled " On the Formation of the 
Germinal Layers in Petoromyzon '' in this Journal, Vol. V. The 
present article on the formation of the heart is the first of a series, 
in which I propose to give the results of my study of later stages in 
the development of that interesting Vertebrate. 

The materials and methods employed are quite the same as those 
given in the above-mentioned paper. An addition to the materials has, 
however, been made by a supply recently obtained at Kawagoye, a 
county-town not far from Tokyo. 

As the time passed through by the eggs and larvee aifords 
no measure of the progress of the development taking place in 
them, I give simple sketches (Fig. 1 A — H) showing the stages which 
I distinguish in the growth of the animal from the gastriila condition 
to that of the complete (free-swimming) larva. 

Stage I. The gastrula : — The body has an ellipsoidal outline ; 
the blastopore and the head-end are on the opposite poles of the ellipsoid. 
Fig. 1 A represents the oldest gastrula in which the head-fold has 
already become noticeable, being raised over the level of the blastoderm. 
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Stage II ( Fig. 1 B) : — The head-fold is raised over the general 
level of the egg, and is protruded a little forwards (at the pole opposite 
the blastopore), although, being confined within the chorion, it is 
necessarily bent backwards and pressed down on the blastoderm. The 
neural ridge which was slightly marked in the foregoing stage becomes 
prominent along the dorsal longitudinal line. 

Stage III (Fig. 1 C) : — At first sight, this stage is very much like 
the preceding, but at the tip of the head-end, the dorsal median labial 
protuberance, and just ventral to it, the external mouth pit comes into 
view ; a few mesoblastic somites and two pairs (the first and the 
second) of the branchial invaginations can also be seen. 

Stage IV (Fig. 1 Dand D') : — When the embryo of this stage is 
within the egg membrane, it is twisted in a peculiar manner, in 
consequence of the enormous prolongation of the head-fold, so that the 
head rests on the expanded yolk-sac ; three pairs of the gill-invagina- 
tions are visible. If the eo'o- membrane is broken about the end of this 
stage, the embryo straightens and becomes retort-shaped (Fig. lE.) 
It measures about 2.5 mm. and has from three to four pairs of the 
gill-invaginations. Corresponding with the external development, 
many profound internal changes take place, such as the first appearance 
of the pronephros, of the heart, of the liver, and so forth. 

Stage V (Fig. IF) : — In this stage the embryo hatches spontaneous- 
ly and is pistol-shaped ; it measures about 3 mm. with five pairs of 
the branchial invaginations. 

Stage VI (Fig. 1 G) : — The tail-end begins to grow and to point 
out, so that the yolk-expansion lies between the head-fold and the 
tail-protuberance ; it measures about 5 mm. and has from six to seven 
pairs of the gills. In this stage the gill-pouches begin to open out- 
wards, and before it is over, all pairs of the persistent gills acquire 
free communication with the exterior. 
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Stage VII (Fig. IH) : — The external features are almost the same 
as in the last stage, but the dorsal fin and a large part of the caudal 
are developed ; the stomodaeum does not yet oi^en externally, and the 
intestine is still crowded with the yolk-cells. The embryo is about 
6.5 mm. long and has seven pairs of open gill-slits and one blind pair. 
One specimen had 73 pairs of the mesoblastic somites. 

Stage VIII : — The free swimming larva, having no longer any 
yolk-mass ; the intestine is filled up with diatoms. It is ca, 9 mm. in 
length and has about 97 pairs of the myotomes. 



In Petromyzon, the heixrt is found, independent of age, in the 
same section of the body as the pronephros, the latter lying, in a 
lateral surface view (Fig. 1 H.), just dorsal to the tbrmer. Moreover, 
they are, during the earlier stage, of the same extent. The pro- 
nephros arises a little earlier than the heart. As these two structures 
appear just in the ventral aspect of the throat, where the slender head- 
fold is connected with the larger posterior portion, the study of them, 
in younger stages, is extremely difficult (see Figs. 3 and 5). Among 
the same series of sections, these structures are cut, in some frontally, 
in others transversely, and in still others obliquely. To ascertain facts 
concerning them, therefore, a number of series in various planes is 
necessary. 

It will be well to begin this study with the stage when no trace of 
the heart is yet to be detected ; in such a stage is the embryo represented 
in Fig. IC. In the angle which the crooked head-fold makes with the 
expanded posterior portion, the fore-gut is, from early stages (7 
Plate XIV, Fig. 27), expanded into a wide space. The lateral plates of 
the mesoblast in this part grow downwards, from right and left, to 
meet in the ventral median line. A little before this meeting takes 
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place, a number of cells quite like the mesoblastic elements, is found 
scattered between the epiblast and the hypoblast, being especially 
numerous on the median ventral line of that space ; these «are 
doubtless mesenchymatous cells. 

Fig. 2 represents the section through the plane indicated by the 
line a-a in Fig. IC ; the cell-mass on the upper corner of the lateral 
plates on either side is the rudiment of the pronephric ducts and 
the second pair of the tubules (Fig. 2 wd.) ; the ventral free edges of 
the mesoblast do not yet meet and there is found no cellular elements in 
the median ventral line. The splanchnic plates consist of several layers 
of cells, while the somatic plate is only one cell thick. Fig. 3 shows 
a transverse section through the corresponding portion of an embryo a 
little older. The pronephros shows considerable progress ; both the 
somatic and the splanchnic plates consist of a single layer of cells j 
the ventral free edges of the mesoblast do not yet meet. On the 
median ventral line a group of cells (x) not observed in Fig. 2 is visible. 
This is no other than the mesenchymatous elements referred to above. 
At the present stage, this mass of cells does not yet occupy a large 
extent, being traceable in only two or three sections. Figs. 4 and 5 
are selected from a series of sections through an embryo a little older. 
Fig. 4 represents a transverse section through the slender neck portion 
just behind the second pair (the hindmost at this stage) of the 
branchial invaginations. In this, there is no trace of mesenchymatous 
cells in the ventral median line, but there are some disconnectjed cells 
on the ventral tip of the mesoblastic plates, falling in between the 
epiblast and the wall of the fore-gut. Fig. 5 is the fourth section 
behind Fig. 4, and, on account of the peculiar bend of the neck before 
referred to, is cut somewhat frontally (the plane of the section is 
shown by the line a-& in Fig. IC). Moreover, as this is just at the 
angle which the slender neck portion makes with the larger posterior 
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yolk-mass, the latter structure ( lower portion of the figure) appears 
to be connected with the former (upper portion of the figure). The gut 
appears twice, viz. as the fore-gut in the neck portion and as the mid-gut 
in the yolk-mass. Some sections further dorsad, these two cavities will 
unite. The point to which I wish to call especial attention in Fig. 5 
is the mass of mesenchymatous cells (x) lying between the fore-gut and 
the mid-gut. It is without any regular arrangement and is 
hedged in on each side by a very much thickened portion (ni.sp.) of 
the splanchnic plates consisting of a row of high columnar cells. The 
thickening is limited to this small portion and ceases suddenly both 
anteriorly and posteriorly. It will be seen further on, that this portion 
plays an important r61e in the development of the heart, becoming, in 
fact, the pericardial wall. 

By the rapid forward growth of the head-fold, the fore-gut is much 
elongated, but the mesenchymatous cell- mass, mentioned above, remains 
behind, lying next to that part of the yolk-mass which is subsequently 
transformed into the first section of the mid-gut. Figs. 6 and 7 
are from a series of sections which passed somewhat obliquely in the 
plane indicated by the line ab (Fig. ID') through an embryo of about 
the same age as that figured in Fig. 1 D. The lateral plates of the 
mesoblast are thinned out every where, excepting that part which encloses 
the mesenchymatous cells. The latter are now arranged epithelially 
and already show a lumen in the anterior part ; this is the first trace of 
the ventricular endothelium, and the thickened portion of the splanch- 
nic plates is, therefore, the pericardial coat. 

Figs. 8, 9, and 10 are selected from the serial sections of the next 
advanced stage (Fig. 1 E). On the right side of Fig. 9 is seen the 
longitudinal section of the second pair of the pronephric tubules. The 
endothelium (end) encloses the lumen of the heart as a complete layer 
which is, in its turn, surrounded by the thick pericardial coat. 
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The ventral free edges of the mesoblast almost meet m the 
ventral median line. Fig. 8 is the fifth section anterior to Fig. 9. 
The first pair of the pronephric tubules are sliced (pn. L); here the 
mesenchymatous cells are still disjoined although the splanchnic 
plates embrace them from right and left (x. and m. sp.). The re- 
semblance between this and Fig. 3 is very striking and we are, I 
believe, justified in concluding that the mass (x.) in Fig. 3 is destined 
to form the endothelium. Posteriorly to the section shown in Fig. 9» 
the mesenchymatous cells are either reticulated or aggregated, but are 
not epithelially arranged. Fig. 10 represents the third section posterior 
to that in Fig. 9 ; the mesenchymatous cells will be seen to be 
reticulated (ar.). 

The heart in this stage, therefore, shows already a tubular 
structure in its middle portion while it is only an aggregated mass of 
cells both anteriorly and posteriorly. It is enclosed right and left by 
the thickened splanchnic plates, and is suspended to the body-wall and 
the wall of the enteric canal. 

Fig. II represents a transverse section through the portion corres- 
ponding to that in Fig. 9 of an embryo a little more advanced. 
The second pair of pronephric funnels are cut through (pn. t); the 
endothelium is much thinned (end). The cardiac tube has now 

acquired a lumen through its whole length, from the U-uncus 

arteriosus to the sinus venosus. It shows almost the same features 
everywhere. The dorsal and the ventral mesenteries or the mesocardium 
posterius and the in. anterius still suspend the heart in its entire length 
(mc. p. and inc. a.). 

One step more (in the stage coinciding approximately with that 
represented in Fig. 1 G): these mesocardial suspensors begin to atrophy, 
the process beginning at the middle section and extending gradually 
both anteriorly and posteriori}^ until finally the cardiac tube becomes 
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free. I have endeavoured to show the process by the series of sections 
represented in Figs. 12, 13, and 14. In Fig. 13 the second pair of 
the pronephric tubules is cut through. The endothelial lining and the 
pericardial coat much resemble those in the former stage, but, by this 
time, the latter has lost all its connection with the pleuro-peritoneal 
membrane. The body cavity now ceases to be in separated chambers, its 
right and left halves uniting together (p. p. c). This section passes 
through the ventricular portion of the heart. Fig. 12 represents the 
fourth section anterior to Fig. 13, and passes through between the 
first pair of the pronephric tubules and the posterior end of the branchial 
chamber. The splanchnic plates are comparatively thick at every 
point, and the mesocardium posterius still holds its place, while the 
mesocardium antenus has disappeared ; this section corresponds with 
the truncus arteriosus. Fig. 14 represents the sixth section posterior to 
Fig. 13 ; the third pair of pronephric tubules are cut through ; the 
funnels come into view in a bitaterally symmetrical manner. The 
heart is just as in the former stage : both the mesocardium anterius and 
the m. posterius (mc. a. and mc. p,) are present. The section is through 
the hindmost part of the heart, constituting the auricle and the 
sinus venosus. 

Increasing in its length and breadth, the heart in the next 
older stage is constricted in the middle, being thus divided into 
conical halves, whose apices are turned respectively forwards and 
backwards. In this constriction the endothelial lining is of course 
involved, and thus comes to enclose two cavities connected together by 
a small aperture. The anterior chamber is a little larger than the 
posterior and constitutes the ventricle and the truncus arteriosus while 
the posterior forms the auricle and the sinus venosus. The aperture 
between them is no other than the auriculo- ventricular passage. Fig. 
15 (from the stage corresponding with that of Fig. 1 H) passes through 
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the heart, and being slightly oblique, shows the two cavities in it ; in 
the next section after it the passage can l)e seen. In this stage 
all the jnesocardial siispensoriuni atrophies and the cardiac tube is set 
free throuc^h its whole lenoth. 

In a little more advanced stage the pronephric tubules have 
become coiled many times and the ventral invagination of the 
liver has grown anteriorly and pushed aside the hinder part of the 
heart (Fig. 16). 

From the foregoing observations it is clear that in Petromyzon 
the mesenchymatous cells, between the two primary layers at 
the point on the ventral median line where the head-fold joins the 
larger posterior yolk-mass is transformed into the endothelium of 
the heart. I am, therefore, unable to accept the statement of Shipley 
(18) that this is derived from the splitting of the splanchnic plates of 
the mesoblast. He says that (loco, cit, p. 17) : " from the first 
appearance of the heart in the ventral mesentery its walls have 
been double ; the splanchnopleure having split into t^vo hiyers ; 
of these the outer is at first much the thicker consisting of cubical 
cells ; the inner layer is composed of comparatively flattened cells." 
It is probable that Shipley overlooked the earlier stages ; for his Fig. 
25, in which the heart is said to appear first, shows a stage already 
quite advanced corresponding with my Figs. 6 and 9. 

The endothelium of the heart is stated by C. Hoffmann (9) and 
by J. Ruckert (14) to arise from the hypoblast in Selachian embryos. 
C. Rabl (13) suggests the same in his account of Urodel Amphibia, 
while F. Schwink (17) thinks that it comes out, not from the hypoblast 
already formed, but from the yolk-mass, in both Urodela and Anura. 
J. Oellacher (12) derives it from the mesoblast in Batrachia. Paul 
Meyer (11) and F. Balfour (1) ascribe it to the same source in Selachia. 
A. Gotte believes that it is in Petromyzon (6) a derivative of the 
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hypoblast, and in Bombinator (5), of both the hypoblast and the 
mesoblast.^^ 

As to the origin of the mass of cells, marked (a;) in my Figs. 3, 
5, 8, and 10, which is destined to become the endothelium, I am 
unfortunately unable to say anything definite, but I am inclined to 
regard it as derived from the mesoblast. These cells much 
resemble the mesoblastic elements : they are small, round, compact 
bodies, free from yolk-granules. Such a cell can not be detected 
in the hypoblastic layer, and there is found no trace of prolifera- 
tion of cells in the ventral margin of the enteric wall, which 
presents a sharp contour throughout. On the contrary, the fact 
observed by both Shipley and myself that cells are detached from the 
free edges of the lateral plates of the mesoblast and fall into the space 
between the epiblast and the hypoblast, speak in favour of the view 
that the cell-mass may have been thus derived from the mesoblast. 

Shipley believes that these detached cells are destined partly to 
form the ventral portion of the mesoblast and partly to give rise to the 
blood-corpuscles. Formerly I agreed with him in the first half of his 
statement, but further study forces me to conclude that these cells 
never have any share in the formation of the mesoblast, but are solely 
employed in building up the heart and the main trunks of the blood- 
vessels.^^ Their detachment and their accumulation in the ventral 
median line are observed both in the anterior and the posterior 
regions. Now there may be some reason in thinking that in the 
posterior region where the gastral mesoblast doesj not reach one half 
of the distance to the ventral median line, addition of free cells to its 

^) I have not read his complete work on Petromyzon : Abhandlungen zur Entwicklunfi^S' 
geschichte der Thiere. 5. Hft. Die Entwicklangsgescbichte des Flassneunauges. Hamburg 
und Leipzig, 1388. 

^) It mast be noticed that in the cardiac tube, when first formed, there is found no trace of 
Wood-corpuscles. 
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free edge may help its ventral growth, although I have never observed 

any thing which would justify such a conclusion. But in the anterior 

portion where the lateral plates of the invaginated gastral mesoblast 
early reach to, and meet, in the ventral median line, there is no need 

of free cells to be added to the ventral edges to help their growth* 
As far as my observations go, these cells are all used in building 
up the vascular system. It seems most probable that the lateral and 
ventral parts of the mesoblast are formed solely by the downward 
growth of the dorsal part ; for many mitotic figures are, even in much 
later stages, seen in the mesoblast, so that it needs no contribution 
from the free cells in question. 

From its first appearance, the heart is a single endothelial tube ; 
there is no reason to think it has a paired origin. 

My deepest thanks are due to my esteemed teacher. Prof. K. Mitsu- 
kuri, for his kindness in looking through the manuscript of this 
paper. 

Biological Laboratoni, the Gakiishnin (Nobles' School), April 1897. 
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Explanation or Figures. 

Complete list of reference letters. 



a. 


anus. 


ao. 


aorta. 


a.i\ 


anricnlo- ventricular septum . 


hp. 


bIa8toix)re. 


hrJ, 


branchial invagination. 


hr,c. 


branchial cleft. 


ch. 


chorda dorsalis. 


e.m.j). 


external mouth-pit. 


end. 


endocardium. 


ep. 


epiblast. 


f'O^ 


fore-gut. 


1u 


heart. 


hy. 


hypoblast. 


l.m. 


lateral plates of mesoblast. 


Lp, 


labial protuberance. 


m. 


mouth. 


mc.a. 


mesocardium anterius. 


mc.p. 


mesocardium posterius. 


m.ff. 


mid-gut. 


m.ffp. 


splanchnic plate of mesoblast. 


n. 


neural cord. 


p.C. 


pericardium. 


pn.t. 


pronephric tubule. 


p.p.c. 


pleuro-peritoneal cavity. 


p.p.m 


. pleuro-peritoneal membrane. 


s.ch. 


subchorda. 


s.m. 


somatic mesoblast. 


La. 


truncus arteriosus. 


nuL 


Wolffian duct. 


.V. 


mesenchymatous cells. 


ye. 


yolk-cells. 
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Plate XVIII. 

Fig. 1. — A — Hare representations of successive stages of the embryo. A,B,C,D, 
and D' are magnified about 28 diameters ; E, F, G, and H about 13 
diameters. D' is a view of the other side of D. 

Fig. 2. — Transverse section through the neck of the head-fold of an embi^o at about 
the same stage as that represented in Fig. IC. Zeiss C X 2. 

Fig. 8. — Transverse section from an embryo of a little more advanced stage ; the 
section has passed through almost the same region as that of Fig. 2. C X 2. 

Figs. 4 and 5. — Series of transverse sections from an embryo more advanced than 
that of the last Figure. Fig. 4 is the fourth section anterior to Fig. 5 ; 
tlie former section is cut transversely, while the latter has passed 
through somewhat to the front. C x 2. 

Figs. 6 and 7. — Series of transverse sections through a still more advanced embryo ; 
the section has passed through an oblique plane indicated by the line a b 
in Fig. ID'. Fig. 7 is the section next posterior to Fig. 6 and has been 
somewhat reconstructed from the section tliat follows, to make the 
relative position of the germinal layers intelligible. C x 2. 

Figs. 8, 9, and 10. — These have been selected from a series of transverse sections 
through the neck of the head-fold of an embryo of about the same stage as 
that of Fig. 1 E. Fig. 8 is the foremost section of the three ; Fig. 9 
is the fifth, and Fig. 10 the eighth, section after Fig. 8. C x 2. 

Fig. 11. — Transverse section from tlie embi-yo of the same age as that of Fig. IE. 
The section has passed through the same region as in Fig. 9. C X 2. 

Figs. 12, 18, and 14. — Transverse sections from the neck of the head-fold of a little 
more advanced embiyo. Fig. 12 is the most anterior ; Fig. 18 is the 
fourth and Fig. 14 the eleventh after Fig. 12. C x 2. 

Fig. 15. — Transverse section through the neck of the head-fold of an embryo of the 
same age as that represented Fig. 16. C X 2. 

Fig. 16. — Transverse section through the neck of tlie head-fold of an embryo of 
about the same stage as that in Fig. IH. C x 2. 
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The Metamorphosis of Asteiias pallida, 

with Special Reference to the Fate of 

the Body Cavities.'^ 

by 
Seitaro Goto. 

Professor in the First High School, TokyO. 
With Plates XTX—XXIV, 

This paper embodies a full account of the results of my work on 
the metamorphosis of Asterias pallida^ of which a preliminary report 
has been published in German [*96 a] and in English ['96 fc]. 
To Dr. A. Agassiz I am indebted for his courtesy in enabling me to 
spend several weeks in his Laboratory at Newport, R. L, and to. 
Prof. E. L, Mark, under whose direction the work was done, I am 
obliged for his friendly interest in my work and valuable suggestions ; 
and it gives me much pleasure to express my best thanks to both of 
these gentlemen. 

The material was fixed in the following mixture : 

Saturated solution of corrosive sublimate 80 cc. 

Concentrated glycerine 15 " 

Glacial acetic acid b » 

The larvae were either dropped from a pipette into the mixture 
or else they were put into a watch glass with some water, the 
water then softly drawn out with a pipette until just enough was left 

1) Contributions from the Zo5logical Laboratory of the Museum of Comparative Zo&logy 
at Harvard College, under the direction of E. L. Mark, Xo. LX XXVIII. 

To avoid misunderstanding the writer begs to state that owing to geographical separation 
it has not been possible to submit the manuscript or proof sheets of this paper to Prof. Mark 
before publication. 
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to allow the larvae to float, and the mixture then poured in. The larvae 
were left in it for 3-5 minutes, then passed through the ascending 
grades of alcohol, beginning with about 30%, and finally preserved in 
70% alcohol, in which the remaining sublimate was thoroughly washed 
out with iodine. The result was very satisfiictory, except that, as I 
had noticed while in Newport, the volume of the larvae was perceptibly 
diminished, when they were left too long in the mixture, evidently 
owing to osmotic pressure. To prevent this when I was working with 
the eggs of the sea-urchin last winter I diluted the above mixture with 
distilled water to the specific gravity of sea-water, viz. to 27j times 
the original volume roughly. This diluted mixture I can recommend 
as excellent for many delicate pelagic larvae (annelid larvae, mitraria, 
ephyra, small hydromedusae, etc.). 

The general features of the development of the present species are 
well known from tlie excellent paper of A. Agjissiz ['77] ; I have 
therefore only drawn, in Plate XIX, the principal stages that come 
into consideration in this paper, beginning with a fully developed 
bipinnariji and reaching up to a young star, in which the permanent 
mouth is being developed. These stages, seven in all, will be referred 
to in the order of their nge by the letters of the alphabet (PI. XIX). 

I. General Form or the Body. 

Externally the bipinnaria is distinguished by its perfect bilateral 
symmetry, and no one has, so far as I know, succeeded in establishing 
a genetic relation between the principal plane of this bilateral symmetry 
and the axis of the radial symmetry that preponderates later. For 
example, one of the latest students of echinoderm morphology has observ- 
ed that " leplan de sym^trie bilat^rale acquis secondairement ou d^ter- 
min^ par Texistence d'organes impairs, n'a aucun rapport avec le plan de 
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•fiymetrie de la larve et il e^t tout a fait superflu, an moius dans I'^tat 
actuel de nos connaissances, de se baser sur ce dernier pour determiner 
Je premier'' [Cuenot, '91, p. 331]. And yet, if I am not greatly 
mistaken, I believe that I can prove a direct connection between the 
two principal* planes in question ; and I may stiite at the outset 
*hat this connection is that of exact coincidence. 

As an important preliminary step to the discussion of this ques- 
tion, we must make our mind clear as to the method by which we are to 
determine the plane of reference. This is indispensable, as nearly all 
•externally visible organs shift their positions considerably in the transi- 
tion from the larval to the adult form. It is therefore essential that 
we should take hold of some organs, the relation of which to the plane 
of the larva is clearly known and which persist until the aboral disc 
has assumed its final position. Such organs of reference are found in 
the three brachiolar arms. One of tliese arms is dorsal and median, 
and the other two are ventral and paired, so that the sagittal plane 
passes through the tip of the dorsal median arm and makes a right 
ungle with the line that connects the tips of the two paired arms. 
A glance at Plate XIX will show that these brachiolar nrms persist up 
to a stage in which the adult form is all but ready, keeping all the 
while, their relative positions. I have taken them as my landmark for 
two reasons : (1) they are almost the only externally visible organs 
that are common to both the larva and the adult form ;• (2) the plane 
<ieter mined by them cut^ the body in two equal portions, passing 
through the mouth and anus while these are present, and, after their 
■disappearance, through the places where they were. 

As already known from the works of preceding students, the 
nboral disc (a convenient term for the ectodermal thickening that is 
to form the aboral side of the star) is formed on the right side of the 
larva in the posterior portion of the body (PI. XX, Fig. 17). It is 
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irregularly curved, but if, for simplicity's sake, we regard it as a plane 
disc, it makes, when first formed, an angle of about 30° with the 
sagittal plane of the larva. As metamorphosis goes on, however, it 
gradually rotates counter-clockwise ^\ so as to make a greater angle 
with the same plane. This rotation continues until the aboral disc 
comes finally to be at a right angle to the sagittal plane. These 
statements are abundantly proved by Figs. 13-14, PL XIX and 
Figs. 17 & 18, PI. XX, as well as by many sections which are not 
reproduced here. 

The primary water-pore when first formed is on the left side, but 
later it is found in the median line or even slightly but distinctly on 
the right side (Fig. 19, PI. XXI) — a position which it keeps perma- 
nently. Now, from the above description it will be clear that the 
sagittal plane of the larva cuts the disc of the star at right angles and 
passes through the water-pore and the centre of the disc, that is to say, 
the sagittal plane of the larva and the plane of bilateral symmetry of 
the star are coincident. The arms of the starfish may therefore be 
justly spoken of as the median ventral, the right and left dorsal, and 
the right and left ventral, arms. It need hardly be added that the 
oral side is anterior, and the aboral side posterior. 

The rotation of the aboral disc above described will perhaps be 
more clearly understood and can be graphically represented by making 
two arbitrary suppositions, which although not accurately realised in 
nature, still are, in my opinion, perfectly allowable in the interest of clear 
exposition, viz., that the aboral disc is a perfect circle and that one of 
its diameters is parallel to both the sagittal and transverse planes. If 
then we project this circular disc by the usual method on the sagittal 
and transverse planes we shall get a circle or ellipses of dififerent 

1). In describing the rotation of planes we shall suppose, unless otherwise stated, that the 
observer is looking from the ventral side of the larva. 
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eccentricities, according as the disc is parallel or more or less inclined, 
to the plane of projection. In the accompanying cut the sagittal plane 
is represented by the portion above the horizontal line and the trans- 
verse plane by the portion below it. As stated above, the aboral disc, 
when it distinctly appears for the first time, makes an angle of about 
30® with the sagittal plane, and therefore we get on the sagittal plane 

an ellipse of com- 
paratively small, 
and on the trans- 
verse plane one 
of great, eccen- 
tricity (a) ; when 
the disc makes 
an angle of 45® 
with both planes 
Cut 1. we get ellipses 

of equal eccentricities (6) and when the disc assumes its final 
position its projection on the sagittal plane is a simple straight line, 
while on the transverse plane it comes out as a circle. We thus get 
diiFerent phases, as one may express it, of the aboral disc according 
to its varying positions with respect to the two principal planes of 
reference. 

We shall now examine the assumptions, on which the above 
graphic method has been developed. The first, that the aboral disc 
is a perfect circle, needs hardly any discussion. We may remark 
that the ectodermal thickening which gives rise to the aboral side of 
the star has always a form more or less approaching a flat circular 
dome. As to the second assumption, that one of the diameters of 
the aboral disc, imagined as a perfect circle, is parallel to the inter- 
section of the sagittal and transverse planes, we must say that as a 
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matter of fact tlie aboral disc is inclined to both these planeft, and 
consequently that the major axis of the projection ellipse will not be 
equal to the diameter of the aboral disc, as it is supposed to be in the 
cut, except in its final stage (c). With this correction, however, the 
above description is accurate. 

Hand in hand with the rotation of the aboral disc, the oral disc 
(this time an entirely imaginary disc, whose plane passes through the 
rudiments of the water- vascular system) also rotates in the same direc- 
tion, but the total amount of its rotation is greater than that of the 
aboral disc. This follows from the fact that the oral disc in its initial 
position makes a negative angle with the sagittal plane, while the 
aboral disc miikes a positive angle with it ; an angle being termed 
positive when its position is arrived at by turning a plane counter- 
clockwise, and negative when it is attjxined by turning a plane clock* 




Cut 2. 



wuse, and 90** being considered the limit of rotation in either case. So- 
if we draw projection figures of the oral disc in the same way as we 
have done with the aboral disc, we shall get more phases than in the 
case of the latter, as shown in cut 2. In this cut the corresponding^ 
phases are marked by the same letters of the alphabet as in cut 1, but 
with a negative sign when the oral disc in corresponding stages make» 
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a negative angle with the sagittal plane, and a' being evidently the 
phase when the oral disc is parallel to the sagittal plane. Phase a is 
simply omitted. 

The correction needed for the aboral disc is entirely superfluous 
in the case of the oral disc, as one of its diameters is always practically 
parallel with the intersection of the sagittal and transverse planes. 

The rotation of the disc above described has been observed in a 
bipinnaria by Metschnickoif ['69, p. 36 etfort]; in Asterina gibhosa by 
MacBride ['96, p. 355], who enumerates it as one of the characteristic 
features of its development ; and is also well shown in one of Lud wig's 
figures ['82, PI. VI, Fig. 80=MacBride '96, PL XVIII, Fig. 14]; but 
its significance has evidently escaped the attention of the latter, and 
MacBride has drawn, it seems to me, an entirely mistaken inference. 
He says, "The adult plane makes an angle of about 70° or more with the 
larval plane ; but without .any very serious error, it may be regarded, 
for purposes of description, as at right angles to it : thus the direction 
right to left, according to the larval plane, becomes aboral to oral ac- 
cording to the adult plane, and dorsal to ventral according to the 
larval plane is nearly parallel to the adult plane " ['96, p. 357]. By 
larval plane MacBride means the frontal plane of the larva. But the 
adult plane makes a right angle not only with the frontal, but 
also with the sagittal, plane of the larva ; therefore the direction right 
to left as well as dorsal to ventral in the larva is parallel to the adult 
plane. Bury ['95, p. 70] also assumes that in Bipinnaria asterigera 
the sagittal plane of the larva and the plane of the star coincide ; but 
in view of the facts brought out in the above discussion, I think I 
may say that this will also be shown, on further study, not to be the 
case, but that the two planes make a right angle with each other. 
Again, if the orientation of the body above explained is correct, then 
the aboral pole of the asterid and that of the crinoid are, as justly 
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observed by MacBride, 7iot homologous, and the arrangement of 
calcareous plates in the two classes must be looked upon as simply a 
remarkable case of homoplasy. To still maintain the homology of 
the poles of the same name in the asterid and crinoid would involve 
an assertion of the homology of the posterior pole of the crinoid larva, 
with the anterior pole of that of the asterid — an assertion which, for 
all that we know, would be too arbitrary and too much against facts. 

The foregoing description has been kept for clearness' sake some- 
what abstract. Let us now see the ^process exactly as it occurs in 
nature. In stage B the median portion of the ectoderm lying dorsal 
to the stomach is considerably thickened (Figs. 21 & 22, PI. XX), the 
cells being highest in the median line and thence decreasing towards 
either side. The aboral disc is formed by the extension of this thicken- 
ing towards the right side of the body. In sUige C the thickening has 
extended, posterior to the anus, in many si^ecimens to nejir the ventral 
median line (Fig. 17, PI. XX); but this is not always the case, for, as 
we see from Figs. 19 & 20, PI. XX, which are taken from a specimen 
in stage C, the thickening is still confined to the dorsal median portion 
of the body. In stjige D, however, the thickening has passed the 
ventral median line and has extended so far anteriad that its antero- ven- 
tral margin overhangs the protoproct. In the posterior end of the body 
also it has encroached on to the right side. From this stage onwards, 
the aboral disc seems to grow, to a large extent though not solely, by a 
change of the surrounding cells from a flat to a cylindrical form ; for, 
while mitx)tic figures are rarely, if at all, observed in the ectoderm, the 
praeoral portion, and especially that portion of the body lying between 
the protostome and the aboral disc, steadily decreases in size, until, 
passing through sfaiges E and F, it finally reaches stage G, in which 
the portion adjoining the mouth has been already incorporated into 
the oral disc ; and the praeoral lobe hangs down as a mere appendage 
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from near the centre of the oral side. In stage E the aboral disc is 
inclined at an angle of about 45° to the sagittal plane, and in F it is 
at right angles to it. It has here assumed its final position and from 
now onward the praeoral lobe has only to shrink in for the star to be 
complete. It may be stated in addition that the praeoral lobe is, just 
before its final disappearance, situated on the right side of the oral 
disc. 

As stated above, the aboral disc grows, in its later stages, largely by 
a change of form of the cells of the surrounding region. This means 
that the shrinkage of the praeoral lobe and the portion adjoining the 
mouth is due to the same cause. So far as I have observed, the thickened 
patches between the arms of the brachiolaria and their thickened tips 
are the only parts that undergo histolysis. While the general ecto- 
derm stains blue with haematoxylin, these patches show, after stage F, 
a decidedly reddish tinge, and numerous amoebocytes are observed in 
their vicinity. 

As to the nature of the thickened patches between the brachiolar 
arms I can not say anything positive. In Asterina gibbosa MacBride 
has observed in a corresponding position a glandular patch, by which 
the larva attaches itself very effectively to external objects while it is 
undergoing metamorphosis ; Bury also states that " metamorphosis is 
ushered in, in the larva of Asterias i-ubens, by the fixation of the larva 
by the knobbed arms of the brachiolaria, and the ciliated pit which 
they surround " ['95, p. 74]. In view of these facts as well as of the 
general appearance of these patches which look auspiciously glandular, 
I have tried Bismarck brown ; but whether from some fault in the 
brown*^ I used, or owing to a real absence of glandular cells, 1 have 
not succeeded in obtaining a differential stain. The latter alternative 
appears to me more probable, as the brachiolaria or transforming larva 

1). It is stated to have come from J. D. Biedel, Berlin. 
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is wholly unable to attach itself to any object, but helplessly floats 
about until it has completed itB metamorphosis, when it can attach itself 
very effectively to any substratum, by means of the ambulacral feet 
which are developed, a few pairs in each radius, by this time. It is 
also to be remarked that the histolysis of the thickened patches is all 
but completed in stage G, wlien the Inrva is still wholly unable to fix 
itself to any object. 

The degeneration of the thickened patches of the bracliiolaria arms 
brings us to another problem, viz. the function of amoebocytes. I 
have stated above that these wandering cells are crowded in large 
numbers around the parts that are undergoing histolysis. We must 
not, however, take this fact in itself as an evidence of the phagocyte 
action of these cells. It may be a case of simple chemotaxis, the 
amoebocytes being positively tactic towards some acid or acids that 
are generated during histolysis. In fact, so far as I could observe 
with the highest magnifying ix)wer at my disposal (Zeiss oil imm. 
V12) ^ could not demonstrate the presence of any solid particle in 
these cells ; it has seemed to me that they assimilate the liquid 
substances produced by histolysis. In the tmnsforming stages, i.e., 
between the almost complete disappearance of the praeoral lobe and 
the formation of the definitive mouth, innumerable amoebocytes are 
found in and among the cells of the gut. 

At the end of this section tre;iting of the general form of the 
body, a few words may be added with regard to the behaviour of the 
general ectoderm during metamorphosis. It has already been stated 
that the disappearance of the praeoral lobe is largely due to a gradual 
thickening of its ectoderm. The same process of thickening takes 
place all over the body ; the tentacles are gradually drawn in, 
and as these are provided with a thick ectoderm they enter directly 
into the formation of the oral disc. In doing so, however, they 
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undergo an additional thickening, and in some sections I have observed 
indications of the intimate connection of their ciliary band with the 
nervous system of the star. As a necessary consequence of this thicken- 
ing of the ectoderm, which takes place all over the body, the star 
which has just been formed is considerably smaller than the larva, as 
may be seen at a glance on PI. XIX. 

II. Gut. 

It was thought by Agassiz [77] that the larval mouth and anus 
persist. My observations, however, have led to a different result : 
both the larval mouth and anus atrophy. In the following account 
I shall therefore, adopting with trifling modifications, the termi- 
nology of Roule [Embryologie compart], speak of the protostome and 
inetasionu and the protoproct and metaproct. 

Protostome. — The protostome atrophies by a constriction of the 
oesophagus and subsequent evagination of the portion which is con- 
nected with the ectoderm ; but the exact stage and the precise point 
at which this takes j)Iace seem to vary somewhat. As to the second 
point it would be natural to expect that just so much of the oesophagus 
would be evnginated as was invaginated during the formation of 
the protostome, thus assigning the ectoderm and endoderm to their 
proper spheres in the adult body ; and I believe this is exactly what 
takes place in nature. 13ut at the same time we must admit that 
there are variations from this rule, as will be seen from the de- 
scription which follows. 

In stnge E the oesophagus presents numerous irregular constric- 
tions (Fig. 10, PI. XIX), and its final division is eflfected at one of these 
constrictions lying near the mouth, some time between stages F and 
G. In one series of sagittal sections of a specimen but slightly 
more advanced than stage F, however, the division was eflfected at the 
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junction of the oesophagus and stomach. 1 could observe nothing that 
suggested any abnormality in this specimen, nor anything to show 
that this division was due to mechanical injury. It seems to me 
therefore that we must admit the occurrence, in some cases, presumably 
few, of such a variation from the rule. There is nothing that requires 
any special description connected with the atrophy of the protostome ; 
the portion connected with the mouth, that was cut off from the rest 
being again evaginated and forming a portion of the oral disc, 
while the portion connected with the stomach becomes thicker and 
shorter and forms the definitive oesophagus. During this change the 
cardiac valve of the stomach becomes less distinct and finally dis- 
appears altogether (cf. among others. Figs. 9, 10, PI. XIX, & Fig. 39, 
Pi. XXIII). The metastome is formed by the coalescence of the oesoph- 
agus with the ectoderm of the oral side and its subsequent breaking 
through. This takes place in stage H (Fig. 16), and is represented in 
section in Fig. 36. 

Protoproct. — During the passage from a fully developed brachio- 
laria to the transforming stage the larval anus is considerably shifted 
to the right side of the body, and in a stage intermediate between 
stages F and G, it lies just beneath the aboral disc between arms I and 
II, nearer the latter (Fig. 40, PI. XXIII). [For the numbering of the 
arms see figures on PI. XIX.] It begins to atrophy at this stage, the 
process being inaugurated by a fusion of the ectoderm forming the 
rim of the anus (Fig. 32, PI. XXII). The portion of the intestine ad- 
joining the anus is then partly constricted off from the rest, and sub- 
sequently undergoes histolysis. In Fig. 32 one cjin see this process 
going on ; and the character of the nuclei of the epithelium, the presence 
of numerous amoebocytes and of a finely granular substance in the 
vicinity, and the general indistinctness of the surfaces of the epithelium 
all prove that this portion is actively undergoing disintegration. 
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The portion of the intestine that remains connected with the stomach 
is taken in in the formation of the stomach of the adult. 

Pennanent gut. — From the above description it is clear that the 
larger part of the larval gut enters into the formation of the permanent 
gut. The intestine hangs on to the stomach for a while but little chang- 
ed in form, but in stnge H it can not be recognised as such. The oesoph- 
agus, however, is never completely incorporated with the stomach but 
always projects more or less orad. In stage E (Fig. 10) the stomach 
is already seen to send out indistinct diverticula into the rudiments of 
the arms. These diverticula grow into the arms as these are developed; 
they are at first simple, but in a star whose radius is 2.5 mm. they 
are distinctly double. In this young star the rectal vesicle as well as 
the metaproct is already developed. The former is at this stage an 
irregularly ovoidal sac situated in the right dorsal interradius, but 
extending more into the base of the right ventral arm, and is connected 
with the stomach by a short but distinct canal. Its aboral wall is 
directly applied to the aboral disc, so that no free space is left between 
the two. We shall afterwards see how this aflfects the schematic 
arrangement of the body cavities. From the rectal vesicle proceeds 
obliquely aborad a short rectum, which opens in the same interradius 
as that in which the vesicle is situated, but near the centre of the disc, 
as made out by Ludwig long ago [*80]. 

I call oesophagus that portion of the definitive gut which can be 
evaginated outside the body. This portion is composed of cells which 
dififer in character from those of the rest, these cells being slender 
and cylindrical and closely set and with nucleus elongated oval, while 
in the remaining portion of the gut, the hepatic coeca included, the 
cells are mostly cubical. and the nucleus spherical. It is perhaps 
needless to remark that the hepatic coeca are connected with the aboral 
end of the gut. 
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III. Enterocoel and Hydrocoel. 



From their genetic connection as well as from their undergoing 
simultaneous changes, it will be most convenient to treat these two 
systems together. 

The general aspect of the changes which tliese two systems under- 
go is shown in Plates XIX-XXI, and we shall use them as basis in 
the following description. I start with stage B, i. e., a fully developed 
bipinnaria, since the earlier stages have, in my opinion, been satis- 
factorily studied by previous observers. The hydro-enterocoel at the 
stage just mentioned is represented in Figs. 2-4, in its left, 
ventral, and right aspects. As will be seen from these figures there 
is but one cavity, but we may distinguish different portions of it. 
Since we know that the cavities on the two sides of the body were, 
after their separation from the primitive gut, entirely separate and united 
secondarily in the praeoral lobe we shall distinguish them as the right 
and left enterocoels. In either of them we may again distinguish two 
portions, the anterior and posterior. In the left enterocoel these two 
portions are pretty sharply marked off by the presence of the pore- 
canal and a sudden constriction which the cavity undergoes at this 
point, due apparently to the development of the hydrocoel. In 
the right enterocoel, however, these two portions grade insensibly into 
€!ich other, although in an earlier stage a slight constriction can often 
be observed at the corresponding level. At this stage, therefore, we 
may already distinguish four portions, viz., the right and left anterior 
and the right and left posterior, and we shall subsequently see that 
their separation becomes more and more accentuated as metamor- 
phosis progresses. 

We must now take a more careful view of the several portions of 
the body cavity. The two anterior enterocoels freely communicate 
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with each other in the praeoral lobe and send out from their anterior 
extremity three diverticula into the rudiments of the brachiolar arms, 
which are just visible ns out-pocketings of the body-wall. The pos- 
terior extremity of the left anterior enteroccal is directly con- 
tinuous with the rudiment of the aquiferous system ; indeed there 
is no natural boundary between the two at this stage, and we can only 
draw an arbitrary line on the basis of subsequent results. The pore- 
canal, which, be it remarked at the outset, I look upon as belonging 
to the enterocoel and not to the hydrocoel, as will become clear at a 
later sbige of our description, is very short and opens into the postero- 
dorsal corner of the left anterior enterocoel. Its external opening is 
on the right side of the median line. The left posterior enterocoel 
is U-shaped in both its lateral and ventral aspects, being most spacious 
at the posterior end of the body. The ventral horn of the U as seen 
from the left side extends just posterior to the anus and here curves 
backwards on the right side and ends blindly a little before reaching 
the posterior end of the body, its wall being closely appressed to that 
of the right posterior enterocoel. The latter looks somewhat spacious 
in its lateral aspect but is considerably compressed from side to side. 
It does not, moreover, extend very much ventrad, owing to the 
encroachment of the left posterior enterocoel on the right side. Ex- 
cepting in the praeoral lobe, the cavities of the two sides of the body 
are separated by a mesentery on the whole of the dorsal, and the greater 
part of the ventral, median line. At the posterior portion where 
the left cavity extends to the right side, the mesentery is removed to 
the right to a corresponding extent. 

The rudiment of the hydrocoel is present in the form of five out- 
pocketings of the posterior portion of the left anterior enterocoel, and 
of a central cavity enclosed by connecting the bases of these diverticula. 
These out-pocketings are, it is needless to say, the rudiments of the 



Digitized by 



Google 



254 S. GOTO; 

mdial water-tubes, and their walls are considerably thickened. I num- 
ber them as marked in the figures, i. e., I begin on the ventral side 
and proceed counter-clockwise^^ as seen from the left side. No. 2 is 
the first developed and is situated hindmost, 1 and 3 are formed almost 
simultaneously, then 4, and lastly 5. The latter is situated anteriorly 
to the opening of the pore-canal into the enteroccel and is somewhat 
removed from the dorsal margin of tlie left enterocoel. 

In Bipinnaria asterigera Bury ['95, p. 66'] has observed that 
the ventral horn of the left posterior cavity curves over to the right 
side and fuses with the right body-cavity ; and he adds, *' This fusion 
makes it impossible to determine the' exact limit of the two cavities 
(right and left), but we shall probably not fall into any importint 
error if we regard the point of junction «is median." In Asteiias 
pallida this fusion is effected in the next stage and the line of fusion is, 
as can already be inferred from the foregoing description, wholly on 
the right side of the body. 

It remains to speak of the " dorsal sac"^^ observed by previous 
students in this stage [Field '93, Bury '87 & '95, MacBride '96]. 
Field and Bury agree in regarding it as of mesenchymatous origin ; 
MacBride, on the other hand, has advanced an entirely different 
opinion. According to him it represents the right hydrocoel and is 
budded off from the right posterior extremity of the anterior coelom, 
with which it is, for some time, connected by a string of cells ; this 
string of cells, however, soon atrophies and the cavity in question is 
then left as a closed vesicle in the midst of the mesenchyme ['96, p. 
349]. Further in MacBride's opinion "the right hydrocoel persists 



1). This is the same method of numbering as that used by Ludwig. MacBride, on the other 
hand, begins at the other end and proceeds clockwise. 

2). Called by Bury in his paper of '87 ** blood vascular space." " Dorsal sac " is the 
name employed by him in his later paper ['95]. 
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in tlie adult as a closed sac just under the madreporite, and has been 
seen here by Cuenot " 

The vesicle in question is present, in Asterias pallida^ in st-age B and 
also prior to it. Fig. 21, PI. XXI, represents a cross section nt about 
the level of the water-pore, of a specimen in a stage a little e^irlier than 
stage B. Here the sac is situated in the mid-dorsal line, and is some- 
what flattened. It runs usually through only three or four section* 
(each=6-7 /z) and is connected by a somewhat scattered string of 
cells with the left enteroccel, just behind the internal opening of the 
pore-canal, that is to say at the boundary between the anterior and 
posterior enterocoels. In later stiges it can be recognized as an ex- 
tension of the left anterior enterocoel on the dorsal side of the stomach, 
and in the adult it is incorporated with the axial sinus. The result of 
my observation is thus different from that of MacHride, and for the 
sake of completeness I may add that the closed sac observed by 
Cuenot ['87, p. 77) directly under the madreporite is constricted off 
from the axial sinus later, as will be described fiu-ther on. With re- 
gard to MacBride's observation above cited it must be remarked that 
the string of cells connected with the vesicle in question extends very 
often close to the dorsal margin of the right enteroccel, but I have 
satisfied myself that it arises from the left body-c;ivity. 

We shall now pass on to stage C (Figs. 5, 6, 7, & 8, PI. XX). 
I shall first describe the different cavities and then explain how the 
transition from the previous stijge to this is effected. In the praeoral 
lobe there is nothing special to mention except that the brachiolar 
arms have become tolerably well develoi>ed and with them the diver- 
ticula from tlie anterior enterocoel have considerably enlarged. The 
left posterior enterocoel has grown dorsad, and on the ventral side it 
has also extended considerably over to the right side of the body, and 
forms one large cavity around the anus, the primary mesentery between 



Digitized by 



Google 



256 s. GOTO; 

it and the right enterooci having disapijeared altogether (Fig. 7, 1*1. 
XIX, Fig. 17 a & 6, VL XX). There is, however, an incomplete valve- 
like septum at the posterior end of this common civity in about the 
same positic)n as the boundary of th^ right |)osterior enterocoel in stage 
13. Again, looking at the larva from the right side (Fig. 8, PI. XIX). 
we see that a [x:>rtion of the right posterior enterocoel has been cut off from 
the rest at the dorsal posterior corner of the body, forming liere a 
crescent-shai)ed closed cavity extending froma little in frontof the water- 
pore to the posterior end of the l>xly. From the [>osition which it oc- 
cupies in the complete star I shall cdl it " epigjistric enterocu^l." The 
mesentery lying between it and the rest of the body cavity on the riglit 
side has no genetic connection whatever with the primary mesentery 
se[)arating the right from the left |>osterior enteroctel, jis will be clear 
from the following description explaining its formation. 

The very l)eginning of the septum in question can already Ih* 
observed in stage B. Fig. 21, PI. XXI, represents a portion of a trans- 
verse section of a s[)ecimen in such a stage, some seven sections (each= 
6-7 /i) behind the water-[M)re. The left posterior enterocoel extends 
here over the mid-dors;d line — a result of an active [n'oliferation of the 
cells of its dextro-dorsal wall, with which the formation of the*' dorsal 
sac'' is connected. In a somewhat dorsal [)orti<m of the right entero- 
coel one sees a somewhat indistinct septuin formed by the coalescence 
of the ei)ithelium. It runs through only a few sections, and at places 
there is no septum, but the walls of the two sides are simply closely 
appressed to each other. The latter condition persists to a rather late 
stage in the posterior ix)rtion of tlie btxly, although in the m«)re 
anterior part, t.^., near the water-[)ore, the mesentery (using the term 
with its usual connotation, i.e.j two layers of epithelium with mesen- 
chyme between) is completed. Compare Figs. 23&24, PI. XXI, the latter 
of which is three sections behind the level at which, in this particular 
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-c«ise, the mesentery in complete. In Fig. 22, PI. XXI, I have reproduc- 
ed a section taken from a stage slightly prior to stage C, in which there 
is an additonal septum beside the mesentery separating the epigas- 
tric from the right posterior enterocoel ; showing that there is in this 
region a somewhat accentuated tendency to form septa. The mesen- 
tery in questionis completed some time after stage D (Figs. 17, VL 
XXI). 

The transitional steps by which the condition of the body cavities 
in stage B passes into that in stage C are not difficult to make out by a 
-comparison of these two stages. To facilitate description I shall call the 
ventral arm of the U-shaped posterior cavity in stage 1>, as seen from 
the left side, the left ventral horn, and the right arm of the U, as seen 
from the ventral side, the right horn»of the left posterior enterocoel. In 
passing from stage 13 to stage C the left ventral as well as the right horn of 
the left posterior enterocoel enlarges considerably, tlie former becoming 
more spacious, encroaching on the right side, and the latter, mostly 
extending backwards, so that the broad mesentery seen in stage B 
between these two horns is fin.dly absorbed and leaves only an in- 
complete valve-like septum already described. The mesentery between 
the right and left posterior enterocd^ls is also absorbed nearly at the 
same time that the two horns ju^t mentioned coalesce. Simultaneously 
witii this fusion of the cavities on the ventral side, the secondary sep- 
tum leading to the separation of tlie epigastric enterocoel is being 
formed. The fusion of tlie left and right posterior ent«roc(el, on the 
right side of the body must be rather al)nipt, for in none of the series 
of sections that I have prepared of some stages intermediate to B and 
C have I observed the process agoing. 

From the above description it follows that the line of fusion of 
•the right and left posterior cavities must be the one indicated by a 
broken line ah in Fig. 8 (PI. XIX). 
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There is another portion of the body cavity which remains to be 
described in stage C ; it is the " Centralbhitgeflecht '* of Ludwig ['82]^ 
the " dorsal organ " of Bury ['95], but which has clearly been shown 
by Macliride ['96] to be a portion of the enteroc(Bl. The latter author 
calls it " oral coelom '* ; but as this term has been applied to the left 
enterocoel in crinoids, I prefer to call it, from the position which it 
occupies in the star, " perioesophageal enterocaO." It arises as a bud 
from the dorso-dextral anterior end of the left posterior enteroccel in a 
stage between B and C ; it is at first a solid rod of cells but afterwards 
acquires a lumen. In stage C (Figs. 19 & 22, PI. XX) it is a tubular 
structure opening at one end into the left posterior euterocoel at the 
place above specified and ending blindly on the left side of the cardiac 
portion of the stomach at about J the distance between the ventral 
and dorsal sides. It is irregularly curved, and proceeds from its origin 
at first dextrad then slightly anteriad and then sinistro-ventrad and 
posterijid ; it therefore encircles at this stage about J or perhaps J of the 
stomach on the left side. It appears very conspicuous in cross sections 
at about the level of the pore-canal, in the mesenchyme lying between 
the left posterior enterocoel, the stomach, and the rudiment of the 
water- vascular system (Figs. 19 & 22). 

In stao^e C the rudiment of the stone-canal is formed. It beo^ins 
as a thickened elongated patch of the peritoneal epithelium on the dextro- 
dorsal wall of the left anterior enterocoel, contiguous to the inner open- 
ing of the pore-canal (Fig. 20, PL XXI). The thickened patch assumes 
the form of a furrow which subsequently closes into a canal, the closure 
commencing next the inner opening of the pore-canal, but leaving it un- 
touched ; so that if one were to look at the inner opening of the pore- 
canal from inside the anterior enterocoel, one would see it become some- 
what elongated with the first formation of the rudiment of the stone 
canal, and then as the latter becomes closed there would be two openings, 
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one that of the pore-canal, and the other that of the stone-canal, as re- 
presented in Fig. 25. These two openings would become more and more 
separated from each other, as the formation of the stone-canal proceeds. 
It is also evident from the above description that one side of the wall 
of the inner opening of the pore-canal is directly continued into the 
stone-canal. 

From the above description of the first rudiment of the stone- 
canal, it is perfectly clear that it and the pore-canal are two quite 
distinct structures, there being no trace of a stone-canal in stage B. 
This fact has been generally recognized by students of asterid develop- 
ment *[Bury '87 & '98, MacBride '96, p. 351], and has received a just 
recognition in Lang's Lehrbuch ; but as it is not so generally known I 
think it necessary to emphasize it here once more. No less an authority 
than Ludwig has remarked long ago ['82, p. 34), " Man hatsich daran 
gewohnt den Riickenporus der Echinodermenlarven als die primare 
KommunikatiousoflFnung der Aussenwelt mit dem Wassergefass- 
systeme zu betrachten. Diese Auffa-ssung halte ich nicht fiir ganz zutref- 
fend. Man hat dabei einen Umstand nicht in Betracht gezogen, der 

eine grossere Beachtung verdiente — ich meine den Umstand, dass 

der Riickenporus anfanglich nieinals nur mit dem H3'^droccBl in Verbin- 
dung steht, sondern in einen Raum fuhrt, der zugleich die linke Halfte 
des Enterocoels oder das gesammte Enterocoel reprasentirt. Mir scheint 
es demnach den Thatsachen besser zu ent^prechen, wenn man den 
Riickenporus in seiner primaren Bedeutung als einen in das Enterocoel 
fiihrenden Porus betrachtet, welcher erst sekundar in engere Beziehung 
zu dem von dem Enterocoel abgespaltenen Wassergeftlsssysteme tritt." 
This opinion has been fully confirmed by the researches of Bury and 
MacBride, and the results of my own observations are such an exact 

• Field [*93, p. 120], however, does not seem to have been aware of the formation of the 
stone-canal independently of the pore-canal. 



Digitized by 



Google 



260 S. GOTO; 

confirmation of those of the latter that I would not have dwelt on this 
question so fully, were it not for the fact that mine were made on a 
species which passes tlu'ough typical bipinuariaand brachiolaria stages, 
while the 8f)ecies studied by MacBride passes at most only through a 
highly modified form of the brachiolaria. We thus see that the 
beliaviour of the pore-canal of asterids is exactly similar to that of the 
primary calyx pore (Kelchporus) of crinoids [Ludwig '80, Seeliger 
'92, p. 313] ; and tlie opinion of Bury ['87, p. 420] that the pore-canal 
has "existed in a very e:u'ly stage in the history of Echinoderms, 
probably Ijefore the hydrocoel had arisen," is fully endorsed by what 
occurs in A. pallida. 

In stage D the condition of the body cavities is essentially the 
same as in stiige C. But the constriction of the left posterior en terocoel 
from the left anterior has been carried further ; and hand in hand with 
the rotation of the aboral disc the epigastric enterocoel has also shifted 
on towards the left side. These two, the aboral disc and the epigiistric 
enterocoel, always go together, the latter lying directly under the former, 
as may be seen from Fig. 17, PI. XX, which represents some of 
the frontal serial sections from stage D, placed in order from ventral to 
dors:il. The partial valve-like septum which we found in stage C be- 
tween the coalesced left ventral and right horns of the left posferior 
cavity has ctmipletely disapi^eared, and there is but a single large 
cavity around the anus (Fig. 17 a & h). We can not, inoreover, know 
wliere to draw the boundary line between the right and left posterior 
enteroccels, jind it must be remarked that the posterior cavity next the 
hydrocoel, marked as the left posterior enterocoel, on the right side of 
the body in Fig. 17 c may just as well be a portion of the rig-ht pos- 
terior enterocoel, though I believe the right liorn of the left posterior 
enterocoel has by this time extended so far dorsad as to include this 
region also. In Fig. 17 cZ one sees that the anterior and posterior 
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enterocoels of the left side are separated only by a valve-like partial 
septum, and the complete separation of these two cavities is effected by 
the growth of this septum. In Fig. 17 6 we see tliat the separation of 
the epigastric from the right posterior enterocoel is not yet quite 
thorough, the two being still connected b}' a two-layered cellular 
membrane like the sero-amniotic connection of vertebrates. There 
has also been a change in the outline form of the coalesced left and 
right posterior enterocoel ns seen from the left side. In (his stage (D) 
namely, the margin of the aboral disc presents five rounded pro- 
tuberances which are to Income the arms of the star ; and into each of 
these protuberances the coalesced left tind right posterior cavity sends 
out a diverticulum (Fig. 9). 

The epigastric enterocoel has grown somewhat more and has 
become more nearly circular, than in stnge C, but it is still very 
flattened and is confined more to the dorsal side of the body, so that 
it does not ap[)ear in para-frontal sections passing through the most 
ventral portion of the body (Fig. 17 a & b). 

Henceforth, Le.^ after the complete isolation of the epigastric 
enteroccel, I shall call the coalesced cavity consisting of the whole left 
posterior enterocoel and the part of the right posterior en teroca^l that 
remains after the isolation, the ** secondary left posterior enterocoel.'' 
This is in stage D still in open communication with the anterior 
enterocoel. 

The i^erioesophagejil enterocoel is ne:n'ly in the same tubular con- 
dition that it was in stage C. It is, however, now entirely or almost 
entirely cut ofi^ from tlie left posterior enterocoel, being in the latter 
case connected with it by a solid string of cells. It has also grown 
more towards the ventral side, so that it now encircles more than one- 
half the circumference of the cardiac portion of the stomach. 

The stone-cjmal has been constantly growing away from the inner 
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opening of the pore-canal, and makes an obtuse angle with the latter. 
The whole length of the canal is, however, inconsiderable. 

In stage E the rudiments of the arms have become very marked, 
and with them also the diverticula of the secondary left posterior 
enterocoel, which enter them. The latter, which in the mean time, 
has been thoroughly separated from the anterior enteroccel, has extend- 
ed to the right side on the ventral, as well as on the dorsal, region ; the 
whole forming, if we leave out of consideration the five diverticula of 
the arms, a thick horse-shoe sliajDe, embracing about three-fourths of the 
stomach on the left side. We must also remember that at this stage 
the aboral disc is inclined to the sagittal plane at an angle of about 
70** ; and consejpieiitly the plane of the horse-shoe formed by the secon- 
dary left posterior enterocoel makes nearly the same angle with the 
long axis of the larva. It must be remarked here that the secondary 
left posterior enterocoel is not yet separated from the anterior enterocoel 
of the right side, for from Fig. 1 2, it might [>erha|)s be inferred that it is. 

The epigastric enterocoel has become very nearly circular and has, 
at the same time, begun to send out diverticula into the arms, there 
being, in this stage however, only four diverticula (Fig. 12). 

The peri(Psophageal enterocoel is nearly in the same condition in 
which it was in sttige D ; only it has grown more aroimd the stomach, 
encircling about half its circumference, its dorsal end remaining all the 
time nearly at the same poiiit. 

There is no change in the stone-canal worth noting, it having 
simply increased in length slightly. The plane containing the 
hydroccBlic pouches has, however, become inclined to the sagittal plane, 
but it makes with it a smaller angle than the aboral disc. 

Stage F (Fig. 13) is a very interesting one: the aboral disc has 
assumed its definitive position, making a right angle with the sagittjil 
plane, but the praeoral portion of the body and especially the three 
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l)rjichiolar arms are still very distinct. In Fig. 18 is given a series of 
frontal sections of the specimen represent-ed entire in Fig. 13*, beginning 
from the ventral side ; so that it is directly comparable with Fig. 17? 
which is taken from stage D. 

Togetlier with the aboral disc the epigastric enterocoel has assum- 
ed its de6nitive position and lies directly under the central portion of 
the former. It sends out diverticula into the arms of the star, which 
although distinct are yet short and blunt. In Fig. 18 a, b, and/, one 
-sees these diverticula in transverse sections. The whole cavity is con- 
fined to the aboral sid(i, and is even here encroached on more or less 
by the secondary left posterior enterocoel, as is clearly seen in Fig 18. 
This condition of the epigastric enterocoel persists, with a slight modifi- 
•cation, to the adult stage. 

The secondary left posterior enterocoel has been almost wholly cut 
off from the anterior enterocoel on the right side, by the formation of a 
septum from its walls at the boundary line between the anterior and 
lX)sterior eiiterocoels. The coincidence in position of this imaginary 
boundary line and the septum just mentioned is so exact that I do not 
hesitate in affirming that this secondary separation takes place exactly 
at the place mentioned. The septum is in stage F still incomplete, as 
may be seen in Fig. 18 c, where the two cavities communicate with each 
other on the right side. The secondary left posterior enterocoel has 
now the form of a ring incomplete at one point, viz., on the dorsal 
median line, where the two portions are permanently separated from 
•each other. It also sends out diverticula into the arms. 

If the descriptions and their interpretations detailed above are 
-correct, then the following equations must hold : 



• The shrinkage, which is considerable, is due solely to the usual treatment to which an 
•object is subjected for imbedding in paraffin. 
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Epigastric enteroca3l=-a portion of the right posterior 
enterocoel of larva. 

Secondary iX)sterior enterocoel=(left po'^terior enteroca»l + 

right posterior enterocoel) of larva — epigastric 

enterocoel. 

The anterior coelom is still very spacious, though much less so 
than in any of the preceding stages, and the plane containing the 
hydrocoeiic pouches makes an angle of about 70** with the sagitt^il 
plarie, as may be seen from Fig. 18. Hand in hand with this change 
of the position of the plane, the curve formed by the hydrocoeiic 
|)ouches has approached more nearly to a circle, and the first and fifth 
l)0uches are found on the right side of the body (Fig. I 8 a &/). Neither 
pouch, however, has assumed its final position yet, as may be seen 
from Fig. 18, or from the following formula. 



A 



CO 






z 



in 



in wliich the Arabic nunjerals represent the hydrocoeiic pouches and 
the Roman the arms of the star, while the members of the two series 
are placed in ix)sitions corresfX)nding to what occurs in nature, as seen 
from the aboral side. 

'Ihe pore-canal opens into the dorso- posterior corner of the anterior 
enterocoel, and the stone-canal makes with it a distinct angle^ 
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as may be inferred from a comparison of Fig. 18 6 &/, between which 
there are three intervening sections (each = 6-7 //). The calibre of the 
stone-canal is considerably smaller than that of the pore-canal. 

The perioesophageal eiiterocoel encircles now fully one-half the 
circumference of the cardiac portion of the stomach. Its dorsal end 
has grown somewhat over to the right side of the body, and is now 
enlarged (Fig. 18 e). 

In stiiges G to H important changes, tlie beginnings of which 
we have seen, are completed, and the several organs aiid cavities attain 
their definitive positions. The most salient of these changes are the 
formation of the water-vascular ring, the completion of the stone-canal 
and of the perioesophageal enterocoel, and the development of the 

j^eriliasmal spaces and of the nervous system. And here jit the outset I. 
may state that I regard the two circular periheemal spaces as of different 
origin;! shall therefore call the inner j)erihaemal ring "circular 
enterocoel." Tlie justification for this name will be found in the 
following descriptions. 

Hand in hand with the shrinking of the priBoral lote the an- 
terior enterocoel becomes less and less spacious, and in Figs. 37-39, 
which are all taken from a stage intermediate to G and H, it is seen 

to have become very much flattened in an an tero- posterior direction 
(i. 6., oral to aboral). In the interradius of the stone-canal, however, it 
is still somewhat spacious, and here it ])ersists as the axial sinus, 

and receives the inner opening of the pore-canal and external 
opening of the stone-canal. The anterior enterocad in thus 
becoming flattened has not been affected uniformly in all its parts, 
but its right and posterior portion lags behind the rest, as can 
be seen from Figs. 37, 38, and 39, the latter of which is pretty nearly 
the frontal section. When the flattening of the anterior enterocoel hns 
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reached its limit, the walls of the cavity are appressed against each 
other and form for a time a plate of cells, which subsequently disap- 
pears, probably by being drawn in into the formation of the wall of 
the axial sinus, which immediately afterwards undergoes a rapid en- 
largement with the growth of the star. Compare on this point Figs. 
27 (a) and 39. The flattening and subsequent fusion of the walls of 
the anterior enterocoel leave two particular areas of a circular form 
untouched, and consequently two rings are formed, one the circular 
water -vascubir canal and the other the circular enterocoel, or the inner 
perihaemal ring of authors. From the above description it is clear 
that the axial sinus is at last drawn into the primitive dorsal mesen- 
tery dividing the right from the left enterocoel in the larva. 

The circular enterocoel is first formed on the left side (Figs. 27 & 
39). This is in perfect accord with the fact above mentioned that the 
flattening of the anterior enterocoel is completed first on the same side. 
In the figures above referred to one sees the cavity in question 
entirely separated from the anterior enterocoel, but iu some sections of 
the same series one can observe it still connected by an irregular string 
of cells with the plate of cells formed by the fusion of its walls. In Fig. 
38, again, it is just in the process of being constricted off from the 
nnterior enterocoel. The circular enterocoel is mostly situated nearer 
the centre of the disc than the water-vascular ring, and remains in per- 
manent communication with the axial sinus in the madreporic inter- 
radius, where the constriction leading to its formation never takes place. 

The rejider has perhaps noticed in Fig. 18 (stage F) a posterior 
extension of the axial sinus marked sin/ ax.' In this stage it is almost 
completely cut off from the axial sinus proper, but can be seen in one 
or two sections to be connected with it by a few cells extending be- 
tween their walls. It is that portion of the left anterior enterocoel 
which has been called " dorsal sac '' by Bury, and about which we 
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learned in «in earlier stage. In the specimen from which Fig. 38 is taken 
it also lies close to the axial sinus on the posterior side. This cavity- 
persists to the adult stage, as may be seen from Figs. 30, 41-45, & 47. 

The water- vascular ring is formed precisely in the same way as the 
circular enterocoel, but in some places it remains connected by the 
plate of cells above mentioned with the anterior enteroca^ longer than 
the latter (Figs. 27 & 39). In most parts the canal thus formed is- 
very small, but in the five radii, i.e., where it receives the radial water- 
vascular canal it is rather large (Fig. 39). 

The formation of the two ring canals above described must not 
be considered «ns a simple mechanical effect of the formation of the meta- 
stome, as might be inferred from the descriptions of some preceding 
authors. As may be seen from the figures already referred to the twa 
ring canals in question are complete some time before the formation of 
the metastome. 

In a stage a little later tlian stage F the water-vascular pouches 
become 3-lobed, at the same time that the open curve formed by them 
approaches more nearly a circle. In stage G (Fig. 15) we see that the 
pouches are 5-lobed. The circle is not yet complete, but the plane 
containing the pouches is now almost perfectly paralled to the 
plane of the aboral disc. In stage H (Fig. 16) the circle is complete 
imd the plane of the water- vascular system is perfectly parallel to that 
of the aboral disc. The lobes of the primary water- vascular pouches^ 
have become the ambulacral feet, with the exception of the terminal 
lobe which is destined to be the terminal tentacle. The disagreement 
between the numbers of the arms of the star and of the water- vascular 
pouches is at once apparent from Fig. 16 — disagreement which has been 
recognized by previous students, and clearly pointed out in particular 
by Ludwig ['82]. 



Digitized by 



Google 



268 



S. GOTO ; 



Tlie .secondary left posterior enterocoel encircles now the marginal 
portions of the stomach, forming a ring; but this ring is incomplete in 
tlie madreporic interradius, where tlie two arms remain permanently 
separated by the dorsal mesentery confaining the axial siims. Com- 
pare Figs. 28 & 37-39. Conforming with the gut in its general outline 
as seen in theanfero-posterior direction, it sends out diverticula into the 
arms, iri which it occupies not only the oral side of the gut but ex- 
tends also on the aboral side, so that the mesentery separating it from 
the epigastric enteroctel lies always on the aboral side of the gut. The 
diverticula into tlie arms are in st:iges G and H still simple, but 
subsequently undergo a change of form corresponding to the change in 
form of the e[)igastric enterocoel, to the description of which we shall 
now pass on. 

The central portion of the epigastric enteroc(El presents nothing 
worth noting ; we shall therefore concern ourselves only vvith its 
diverticula. These are, as already noted, at first simple, but hand in 
hand with the change of form which the hepatic coeca undergo, these 
diverticula also pass through similar changes. When the rudiment 
of each hepatic coecum begins to divide into two branches to form the 
definitive double coecum the diverticulum from the epigjistric enterocoel 
also Ijegins to be prolonged into two branches, both branches lying 
on the aboral side of the hepatic coecum, and terminating at a short 
distance from the tip of the latter. The successive changes of form 
which the epigastric enterocoel undergoes can therefore be represented 
by cut 3. It need hardly be added that the diverticula of the second- 
ary left posterior enterocoel undergo a corresponding change to the 
above. 

'Ihe pericesophageal enterocoel has changed considerably com- 
pired with wh it it was in stage F. It h-is grown completely around 
the stom ich, and its two ends have grown together and fused with 
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each other. Its CJivity has also en- 
larged considerably, so that it now 
forms a spacious circular ring around 
the permanent oesophagus (Figs. 27, 
28, 30, 38, 89). In the madreporic 
interradius the ])erioeso[)hageal en- 
teroccel pushes in between the stom- 
ach and the axial sinus and thus 
confines the connection of the dorsal 
mesentery with the stomach to a 
very sm:UI area on the dorso-[)Os- 
terior corner of the gut (Fig. 38). 
Inmost of the figures representing 
the jx^mpsophageiU enterocoel in the 
condition above described (Figs. 27, 
28, 36, 3S, 39) there is a thick 
mesentery between it and tlie second- 
ary left posterior enterocoel, but in 
Fig. 37, which is taken from the 
same series of sections as Fig. 38, 
this mesentery has disap[)eiu'ed, and 
the two cavities have become one. 
This coalescence of the two cavities 
takes place at all points, and in the 
complete sttir there is but one large 
cavity on the oral side of the gut, and 
we have then absolutely no means 
of recoofnizins: the former existence 
of the perioesophagealenterocad.* 



* In my preliminary papers I stnteci that the mesentery in question saems to persist 
throughout life in the madreporic interradius. Further examination of more advanced stages 
has shown that the statement is erroneous. 
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The permanent communication of the stone-canal with the axial 
sinus above described has been clearly recognized and stated by Bury 
['95, p. 67] and MacBride ['93 & '95, p. 351], and Durham ['88] 
has also described such a direct connection in Cribrella ocellata. The 
latter, however, evidently regards the occurrence of such a communica- 
tion as rather exceptional; and the statements of the majority of 
writers on asterid anatomy are against it. Hoffmann ['73, p. 16] 
among older writers has, indeed, asserted, from the result of injection, 
a connection of the blood system wdth external water by mesms of the 
axial sinus ; but this does not prove anything as to the communication 
of the latter with the stone-amal. Hamann, as well as Vogt and Jung, 
has also described a communication between the axial sinus and the 
surrounding cavities. According to Hamann ['85, p. 51] there is a 
direct connection between the enterocoel and the axial sinus at the 
point, " wo vom Chromatogenorgan Teile aus dem schlauchft)rmigen 
Kanal heraustreten, von w^elchen die Gelasse zum Mitteldarm abs'ehen, 
und diese Teile nicht von Fortsetzungen der Kanalwand umkleidet 
werden, sondern dieselbe einfach durchbrechen." Vogt and Jung ['88, 

p. 608, French edition p. 600] have described a direct connection 
between the axial sinus and the water-vascular system, and this con- 
nection takes place, according to thes(3 authors, by numerous fine 
openings. It must be remarked here that the method of injection is, 
to judge from a comparison of the statements of other- writers with the 
results of my own observations, in which I have tracked the cavities 
through all stages of their development up to the complete star, very 
unreliable as to the question of communication between different 
cavities, unless indeed it be accompanied by exact microscopic observa- 
tions of serial sections ; as a communication might take place by way 
of the meshes of the connective tissue where there is naturally none 
at all. In none of my sections have I observed sucli openings as are 
described bv Voo^t and Juno^. 
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The sum and pith of the statements of a large majority of 
previous writers on this point then is to the effect that there is no 
direct communication between the stone-canal and the axial sinus ; 
and Ludwig, the acknowledged authority on echinoderms, sums up 
the question thus [78, p. 104] : " Nicht eines der Porenkanalchen 
fiihrt wo anders hin als in den Steinkanal (oder dessen nachher zu 
besprechende ampullenfbrmige Erweiterung) ; das gesammte Canal- 
system der Madreporenplatte st>eht einzig und allein in Zusammenhang 
mit dem Steincanal, aber nicht mit dem schlauchfdrmigen Canal, 
noch auch mit irgend einem anderen Hohlraum." The direct con- 
nection of the stone-canal with the axial sinus is not even suspected. 
Cuenot is even more explicit on this point ; he snys ['87, p. 78] ^ 
" quoi qu'en disent MM. Perrier, Carl Vogt et Jung, il n'y a jamais de 
perforations mettant en communication le amal du sable et les parties 
environnante^, pas plus a la base qu'au sommet." 

It was with the hope of clearing up, if possible, this question that 
I undertook an examination in serial sections of the part concerned, 
and I may state at once that the result lias been a complete confirma- 
tion of the statements of Durham, Bury, and MacBride. Figs. 30, 31 
& 41-48 reproduce sections of the region concerned in the species I 
have examined, viz., Asterias pallida ^ A. tenera, Solaster endeca^ Astenna 
gibbosa^ Cribrella sangxdnolenta^ Astropecten bispinosiiSj and Astrop. sp. The 
dimensions of the specimens from which the sections were made are 
stated in the explanation of figures, and it will be seen that Solaster 
endeca and Asterias Unera are probably represented by young indivi- 
duals. In all these figures the direct communicjition of the aboral end 
of the stone-canal and the axial sinus is very clearly seen and there is 
no question that it represents a normal state of things. In most 
species here represented this communication is single, but in the species 
of Astropecten from the Japanese coast represented by Fig. 48, there 
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were two other connections besidets the one shown in the fiirnre on the 
left side and seven on the riglit side, mnking ten in all. In Cribrella 
sanguinolcnta (Figs. 44 & 45) there is an ampulla directly underneath 
the madreporite on the right side of the median plane, connected with 
the axial sinus and receiving some of the pore-canals. In Fig. 45 one 
sees the connection of this ampulla with the axial sinus by means of a 
solid string of cells. The communication between the two cavities is, 
liDwever, direct in one of the adjoining sections. The communication 
passage between the «axial sinus and the stone-canal here described, is 
always on the riglit side of the median plane, and when single, runs 
through only a few sections, so that it is perhaps quite natural that 
the majority of observers have overlooked it. 

We thus see that the nxial sinus communicates with two cavities, 
on the aboral side with the stone-canal (as well jts the pore-canal), and 
on the oral side with the circular enterocoel (Fig. 49). It may inci- 
dentally be remarked that some of the pore-canals open directly into 
the axial sinus, the case of Cribrella above mentioned being only one 
particular case among many others. 

I shall now add a few notes on the histology of the epithelium of 
the hydro-enterocoel 

The wall of the body-cavities of the bipinnaria consists of a single 
layer of exceedingly flattened cells whose boundaries can not be recog- 
nized by simple staining with hsematoxylin. The protoplasm is 
finely granular and takes up tlie stain tolerably well. It secretes on 
the surface turned away from the cavity fine muscular fibrils. That 
these are really muscular I conclude from their optical pro[)erties and 
their behaviour towards stains, which are exactly similar to those of the 
muscuhir fibrils of the oesophagus. Most of these mesodermic muscle 
fibres run circularly around the body-cavity, i.^., transversely to the an- 
tero- posterior axis of the body ; but there are also longitudinal fibres 
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(Fig. 26 b). At the anterior extremity of the body-cavity these two 
sorts of fibres cross each other irregularly (Fig. 26 a). The presence 
of these fibres alters the whole aspect of the question whether the 
current ))assing through the pore-canal is excurrent or incurrent. The 
direction in which the cilia are turned in killed specimens proves 
nothing on this point ; but the presence of muscle fibres in the walls 
of the body-cavity makes it possible for external water to pass in as well 
as out. However, the effect of normal ciliary action I leave an open 
question, having no observations of my own to offer on this point. 

The muscular fibrils above described not only |)ersist, but are 
more strongly developed in the adult star where they are especially 
abundant on the aboral side. 

The epithelium of the axial sinus presents a folding on the side 
next the stomach, into w hich the surrounding tissue extends — the whole 
forming the well known ovoid gland. This organ extends through 
nearly the whole length of the axial sinus and is attached to its wall 
a little to the left of the median line (Fig. 35). 

The wall of the hydroccel presents nothing specially different 
from that of the enterocoel in the earlier stages of met'imorphosis, except 
thnt the five primary pouches have very thick w^alls. When the star is 
complete and the ring-canal has been formed, the walls of the whole 
hydroccel system are much thicker than those of the enterocoel, and 
hence the two can easily be distinguished in sections. The pore-canal 
and the stone-canal have especially thickened w%nlls. In Fig. 35 we see 
the rudiment of the fold in the w all of the stone-cfuial, which are to 
become more complicated in the adult star. As the star grows the 
difference just mentioned between the walls of the enteroccel and the 
hydroccel becomes less and less pronounced, and in a star whose greater 
radius is 5 mm. it has entirely disappeared (Fig, 34). In a star 
whose radius is 2 mm. the musculature of the water- vascular system 
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is well developed, but in a star, such as is represented in Fig. 16, in* 
which the ambulacral feet have been developed I have not been able to- 
detect any muscle fibres in the wall of the water- vascular system,. 
although it can adhere to the substratum quite hard. The muscula- 
ture of the hydroc(i3l is, like that of the enteroccel, developed on the 
external surface of its epithelium. 

On the origin of the genital organs I have absolutely no observa- 
tion to offer. In individuals whose radius was 5 mm. I was not able 
to find any trace of them. 

IV* Cavities of Mesenchymatous Origin- 

In this Ciitegory I reckon the periha^mal spaces, i.e.j with the- 
exception of the inner |)eriluBmal ring-space which I have proved to- 
be a true enterocoel, and the peribranchial cavities. 

Pcrihcemal system. — My observations on the origin of this 
system have given a very dififerent result from that of MacBride ['96]^ 
It originates in a stiir which has just completed metamorphosis, as- 
solid masses of mesenchymatous cells on the oral side of the radial 
water-vascular canals. They are situated in pairs on either side of 
an imaginary plane passing through the axis of each radial canal and 
cutting the disc at a right angle. They are also invariably present 
between the bases of the ambulacral feet, and the pair nearest the- 
centre of the disc is situated at first between the water-vascular ring- 
canal and the first pair of ambulacral feet. Subsequently, however^ 
it comes to lie directly on the oral side of the former. These soliA 
masses of cells afterwards acquire lumen, and in this stjige they are 
represented in Fig. 28. The cavities are at this stage entirely separate 
from one another, but they afterwards grow and fuse with each other^ 
with this limitation that the mesentery lying between each pair 
persists, so that the spaces on one side of the radial plane corn- 
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municate with each other but not with their fellows on the other side. 
The pair of perihaemal spaces lying nearest the centre of the disc 
grow around the water-vascular ring-canal in opposite directions 
away from the median mesentery, leaving this untouched but coales- 
cing with the cavity of the next radius when the two have grown 
enough to meet each other, and thus form the periha3mal ring spaces. 
In the accompanying cut continuous lines represent these spaces before 

/,^ find dotted lines the condition after, 

'^^ ^^' fusion. In this way is brought 

x^v^::::::j::^->^' «ibout the condition of the i)eri- 

\\ haemal system that we see in the 

j1 adult starfish, the central portion 

^-^^^^^^ Ir^^^fs^' ^^ which is represented diagram - 

'^^^^^^^Z^^' matically, together with the 

H^ circular enterocoel and the central 

ij;:' portion of the water-vascular 

Cut 4. system, in Fig. 49. 

The correctness of my opinion above explained as to the origin of 
the perihaemal spaces is still more strengthened, if possible, by the con- 
dition that we meet with at tlie tip of the arms of a growing starfish. 
In Fig. 34 is represented a small ix)rtion next the terminal tentacle of 
u radial section of an arm of a young star, whose radius was 5 mm. 
Here we see that the j^erihaemal system consists of a number of entirely 
separate cavities, each lying between the roots of the tube-feet, although 
in the more central portion of the section the perihaemal space consists 
of a continuous cavity on either side of the radial plane. Hence we 
may infer that the peripheral portions of the perihaemal system of the 
young starfish grow by a repetition of just the same processes as those 
by which it was formed at its very beginning, viz., by the formation 
of separate mesenchymatous cavities and their subsequent fusion. 
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Penbvanchial cavities. — According to MacBride ['96, p. 381] the 
peribranchLil spaces arise as diverticula from the enteroccel, although 
it must be remarked that he expresses some uncertainty connected 
with them. In my opinion these spaces are likewise of mesenchyma- 
tous origin, although it must be confessed that my observations on this 
question are not as complete as I could desire. In Fig. 33 I have 
reproduced a small portion of a section (transverse) of a lateral wall of 
one of the arms. It represents the earliest condition of the peribran- 
chial spaces that has come under my notice. Here we see that there 
is a more or less distinct layer of cells next the peritoneal epithelium, 
similar to the latter. It is present at this stage (R = 2 mm.) in all 
parts of the body. We see further that the [xjribranchial cavities are 
formed by the splitting of this cell layer. In the stage under con- 
sideration it is a ring-like space encircling the diverticulum of the 
enterocoel, which is to become the central cavity of the dermal bran- 
chia ; and at the tip the space left by the ring is spanned by a thin 
cellular membrane, the direct continuation of the walls of the peribran- 
chial cavity. This membrane must either represent the original con- 
dition of things or have been secondarily formed by the growth of the 
branchial diverticulum of the enterocoel, in consequence of which the 
walls of the central portion of the peribranchial cavity which was un- 
til then single and continuous, were applied to each other and have be- 
come fused. My observations are confessedly incomplete on this point. 

As to the origin of the cell layer by the splitting of which the 
peribranchial cavities are formed, I have found no indication that it is 
derived from the peritoncid epithelium. It apj^ears to me that it has 
been formed by a special arrangement of some cells of the connective 
tissue, as suggested on the lower side of Fig. S3. 

October, 1897. 
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ASTERIAS PALUDA (Ag.). 

All the figures in this plate are magnified 60 diameters. With the exception of 
Fig. 18, they were drawn from specimens mounted in balsam. The former was drawn 
in alcohol ; hence the disproportion in size between it and the rest. 

Stage B. 1. A fully developed bipinnaria seen from the left side. 

„ 2. Ditto, from the left side, shawing the body cavities. 

„ 8. Ditto, from the ventral side. 

„ 4. Ditto, from tlie right side. 

5. A young brachiolaria seen from the left side. 

6. Ditto, from the left side, showing the body cavities. 

7. Ditto, from the ventral side. 

8. Ditto, from the right side. 

9. A fully developed brachiolaria seen from the left side. 

10. Brachiolaria undergoing metamorphosis into the star, from the 
left side. 

11. Ditto, from the left side, showing the body cavities. 

12. Ditto, from the right side. The anterior enterocoel has not been com- 
pletely separated from the posterior enterocoel on the right side. 

18. A still more advanced stage of metamorphosis, from the dorsal side. 
14. Metamorphosis nearly completed, from the dorsal side. 
„ 15. Ditto, from the anterior pole. 
Stage H. 16. Metamorphosis just completed, from the anterior pole. 
Posterior median 



Stage C. 



Stage D 
Stage E 



Stage F. 
Stage G. 



Posterior ventral 
Posterior dorsal 
Anterior dorsal 
Anterior ventral 



tentacles are paired. 



ABBREVIATIONS. 



an. pro protoproct. 

bracb. d rigbt bracbiolaria arm. 

„ med median „ ,» 

,. 8 left „ „ 

can. aq pore canal. 

can. aren stone canal. 

cav. perihcem. ... pmhaemnl cavity. 
entVl. a anterior enterocoel. 

,, cir circular „ 

„ epij]^.... epigastric „ 

„ p. d right posterior enterocoel. 

„ p. 8 left „ „ 

„ p'. B secondary loft posterior en- 
terocoel. 

,. perioes.... pericesopbageal enterocoel. 



gast stomach. 

int intestine. 

sin. ax axial sinus. 

sin', ax' closed portion of the axial 

sinus. 

tent. dor. a anterior dorsal tentacle (= 

bipinnaria arm.) 

M ,. p posterior dorsal tentacle. 

„ med. a anterior median „ 

„ M P i)08terior „ „ 

,, ven. a anterior ventral „ 

M p posterior „ „ 

vas. aq. cir circular water- vascular canal. 

„ ., rad radial „ „ „ 
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ASTERIAS PALLIDA (Ag.). 

All the figures iu this plate are magnified 60 diametei-s. 

17. A series of frontal sections of a specimen in stage D. The sections are each 
6-7 fjL thick, and are represented as seen from the ventral side, a is the 16th, 
h the 87th, c the 60th, d the 66th, and e the 83rd section from the most veutml 
section, there heiug 120 sections in all. 

18. A series of frontal sections of the specimen represented in Fig. 18. The shrink- 
age is due solely to the usual procedure of imbedding. The sections are eaeh 
6-7 n thick and are represented as seen from the ventral side. There are 7 
sections between a and 6, 11 between h and c, 12 between c and </, 11 between 
d and e, and 5 between e and /. 



ABBREVIATIOXS. 



an. pro protoproct. 

brach. d right brachiolaria arm. 

„ med median „ „ 

s left „ 

cin. aq pore cinal. 

can. aren stone canal. 

cav. peribffim porihemal cavit y . 

ent'c'l. a anterior en terocoel. 

„ cir circular „ 

„ epigas epigastric „ 

„ p. d right posterior enterocoel. 

,, p. 8 left „ „ 

„ p'. s' secondary left posterior enterocoel. 

„ periods perioesophageal enterocoel . 

gast stomach. 

int- intestine. 

sin. nx nxial sinus. 

sin', ax' closed portion of the nxial sinus. 

tent. dor. ai anterior dorsal tentacle (= bipinnaria arm.) 

„ „ p posterior „ „ 

„ med. a. anterior median „ 

„ „ p posterior „ „ 

», yen. a anterior ventral „ 

„ „ p posterior „ „ 

vas. aq. cir. circular water-vascular canal. 

,. •> rad radial „ ,, ,, 



Digitized by 



Google 



Digitized by 



Google 



Digitized by 



Google 



PLATE XXI 



Digitized by 



Google 



Plate XXI. 

ASTERIAS PALLIDA (Ag.). 

In the case of transverse sections they are represented as seen from the pos- 
terior pole. 

19. Dorsal median portion of a xjross section from stage C, through the level of the 
dorsal pore, x 395. 

20. Ditto a Uttle in front of the preceding, x 895. 

21. Part of a transverse section from a stage somewhat prior to stage B (stage A), 
through the level of the inner opening of the pore-canal. X 250. 

22. Right half of a transverse section from stage B, 8 sections (each=6-7 fi ) behind 
the dorsal pore, x 250. 

28. Dorsal portion of a transverse section from a stage a little prior to stage C, 
through the pore-canal, x 250. 

24. A transverse section from stage C, through the posterior part of the hydro- 
coel. x86. 

25. Dorso-dextral portion of a transverse section from stage C, 15 sections (each 
—-6-7 fi ) behind the dorsal pore, x 890. 

26. Diagrammatic representation of the separation of the inner openings of the 
pore-canal and stone-canal, as seen from within the left anterior enterocoel. 

27. Muscular fibrils in the peritoneal epithelium of larva, a from the anterior en- 
tremity of the enterocoel, /) from the region about the stomach, x 395. 

28. A small portion of a radial section, next the metastome, from a stage a little 
prior to stage H. a plate of cells connecting the circular hydrocal with the 
anterior enterocoel. 

29. Portion of a radial section from a stage about the same as stage H. x 895. 



ABBREVrATIOXS. 



an. pro protoproct. 

brach. d right brachiolaria arm. 

„ ined medi-.m „ „ 

„ 8 left „ ,. 

can. aq pore canal. 

can. a ran stone canal. 

cav. peribsem. ... peribsemal cavity, 

ent'c'l. a anterior entiroccel. 

„ cir circular ,, 

„ epigas.... epigastric ,. 

„ p. d right posterior enterocoel. 

», p. 8 left „ „ 

„ p'. s' second iry left posterior en- 
terocoel. 

,, perioe^.... pcrioesophageal. 



gast stouinch. 

int intestine. 

sin. ax nxial sinus. 

sin', ax' closed portion of the axitl 

sinus. 

tent dor. a anterior dorsal tentacle (= 

bipinnaria arm.) 

„ „ p posterior dorsal tentacle. 

„ med. a. ... anterior median „ 
„ „ p. ... posterior „ „ 

„ ven. a. ... anterior ventral „ 
„ „ p. ... posterior „ „ 

Viis. aq. cir circular water- vascular cana 

„ „ rod radial „ ,, 
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ASTERIAS PALUDA (Ag.). 

80. Portion of a radial section through tlie madreporic interradins of a star whose 
R=2.5 mm. x 168. 

81. Portion subjacent to the madreporite, from a radial section of a star whose R= 
5 mm. X 158. 

82. A small portion of tlie section represented in fig. 40, to show the atrophy of the 
protoproct. Stage intermediate between F and G. x 89o. 

88. A small portion of a lateral wall of an arm of a star whose R=2.5 mm., to 
show the origin of the peribranchial cavity, x 895. 

84. A small portion of a i-adial section of an arm next the tennnial tentacle, of a 
star whose R=5 mm. x 895. 

85. A portion of a horizontal section of the madreporic interradins of a star whose 
R^2mm. x 158. 

86. Central portion of a star in stage H ; to show the formation of the metastome. 

x895. 



ABBREVIATION'S. 



an. pro protoproct. 

bracb. d right bracbiolaria arm. 

„ ined median „ „ 

.» 8 left 

can. aq pore canal. 

can. aren stone canal. 

cav, periheem perihsemal cavity. 

entVl. a anterior en terocoel. 

„ cir circular „ 

„ epigas epigastric „ 

„ p. d right posterior enterocoel. 

„ p. 8. left 

„ p'. s' secondary left posterior enteroccfel. 

„ perioee perioeeophageal enterocoel. 

gast stomach. 

int. intestine. 

sin. ax axial sinus. 

sin', ax' closed portion of the axial sinus. 

tent. dor. a anterior dorsal tentacle (» bipinnaria arm.) 

M M p posterior „ „ 

„ med. n anterior median „ 

„ M p posterior ,. „ 

„ ven. a anterior ventral „ 

„ ., p posterior „ „ 

vas. aq. cir circular water-vascular canal. 

., M rad radial „ „ 
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ASTBBIAS PALLIDA (Ag.). 

87. Piirasagittal section of a star slightly prior to stage H ; 7 sections (eacli=6-7 
// ) on the right side of the next. X 158. 

88. Sagittal section of ditto, x 153. The small cavity lying between the closed 
portion oi the axial sinus {sin', ax'.) and the perioesophageal enterocoel (on the 
left side of tlie figure) and connected with the latter by a solid stiing of cells is 
probably an accidental occuiTcnce. 

89. Frontal section of a star in stage H. x 185. 

40. One of a series of sagittal sections of a transforming larva in a stage between F 
and G ; to show the atrophy of the protoproct. Cf. Fig. 82. X 158. 

41. Madreporic portion of a radial section of a star whose B=40 mm. x 60. 

ASTROPECTEN BLSPINOSU.S, M. T. 

42. Portion of a radial section directly under the madreporite ; K^65 mm. x 50. 

ASTERIAS TENERA, StIMPS. 

48. Madreporic portion of a radial section of a specimen whose R=16 mm. x 60. 



ABBREVIATIONS. 



an. pro protoproct 

brach. d right brachiolarii arm. 

„ med median ,. „ 

„ 8 left „ 

can. aq pore cmal. 

can. aren stone canal. 

cay. perihram perihsemal cavity. 

entVl. a anterior enterocoel . 

„ dr circular „ 

n epigas epigastric ,. 

M p. d right posterior enterocoel. 

p. 8 left „ „ 

„ p'. 8' 8 'condary left posterior enterocoel. 

„ perioes perioesophageal. 

gast stomach. 

int intestine. 

tin. flx axial sinus. 

siu'. ax' closed portion of the axial sinus. 

tent. dor. a anterior dorsal tentacle (« bipinnaria arm.) 

„ „ p posterior „ „ 

„ med. a. anterior median „ 

„ „ p posterior „ ., 

,. Yen. a anterior voutral „ 

„ „ p posterior „ „ 

Yas. aq. cir circular water- vascular canal. 

,, „ rad radiil „ „ „ 
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Plate XXIV. 

CrIBRELLA SANOUINOLENTA, LuTK. 

44. Miulie[)oiir ortiou of a radial section of a specimen whose R=24 mm. x 60. 

45. Ditto, 34 sections (each =10 /i) on the right side of the foregoing, x 60. 

' *^ SOLASTER ENDECA (L.) 

46. Madi*^] ic portion of a radial section of a specimen whose R=6.5 mm. x 60. 

AsTEEiNA GiBBosA (Penn.). 

47. MiuLv^poric portion of a radial section of a specimen whose R= 10 mm. x 60. 

ASTROPECTEN SP. 

48. iv[ idreporic portion of a radial section of a specimen whose R=60 mm. x 54. 

41). iScheuiiitic representation of the central portion of the water-vascular and peri- 
liiBuml systems, togetlier with the circular enteroccel and the axial sinus. Tlie 
radial water- vascular canals are wholly left out. 



ABBREVfATlOXS. 



an. pro protoprocfr. 

brach. d rij?ht briicliiolarii iirui. 

„ med median „ „ 

8 left ,. „ 

can. aq pore cinal. 

can. aren stone canal. 

cxv. peribffim... ;.. perihanml cavity. 

en t VI. a anterior en terocoel. 

„ cir circular „ 

, ppi),(a8 epigastric „ 

p. d right posterior enterocoel. 

p. s leffc M .) 

„ p'. b' secondary left posterior enteroccBl. 

„ perioes perioeeophageal enteroooel. 

gast stomacb. 

int intestine 

sin. nz axial sinus. 

sin', ax' closed portion of the axial sinus. 

tent. dor. a anterior dorsal tentacle (— bipinnarii arm.) 

„ „ p posterior „ „ 

„ mod. a anterior median „ 

„ „ p posterior „ „ 

„ ven. a anterior ventral „ 

„ „ p posterior „ „ 

vas. aq. cir circular water- vascular canal. 

.. f, rad radial ,, „ „ 
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